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FIG. 1 


(54) THERMAL FLOW SENSOR, METHOD AND APPARATUS FOR IDENTIFYING FLUID, FLOW 
SENSOR, AND METHOD AND APPARATUS FOR FLOW MEASUREMENT 

(57) When a micro heater (4) energized by external 
drive current heats a fluid, an upstream thermopile (8) 
detects the temperature of the fluid before heated and 
produces a first temperature signal, w/hile a downstream 
thermopile (5) detects the temperature of the fluid 
heated by the micro heater (4) and produces a second 
temperature signal. The flow rate of the fluid is calcu- 
lated using the difference between the two temperature 
signals. A right thermopile (11) and a left thermopile 
(13) arranged substantially crosswise of the flow of the 
fluid with respect to the micro heater (4) detect the tem- 
perature of the fluid and produce a right temperature 
signal and a left temperature signal, respectively The 
calculated flow rate is corrected by physical properties 
of the fluid calculated based on the right and left tem- 
perature signals. The flow rate of fluid can be accurately 
measured even with a flow sensor whose output is sen- 
sitive to the type and composition of a fluid to be meas- 
ured. 
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Description 

TECHNICAL FIELD 

[0001] This invention relates to a thermal fluid sen- 
sor which can be used to discriminate the kind of fluid, a 
fluid identifying apparatus and method for identifying the 
kind of an object fluid for measurement (simply referred 
to as object fluid or fluid) on the basis of a temperature 
detected signal produced from the fluid sensor, a flow 
velocity sensor (simply referred to as a flow sensor) 
which can be used for measurement of the flow rate, 
and a flow rate measuring apparatus and method for 
measuring the flow rate of the object fluid on the basis 
of a temperature detected signal. More particularly, this 
invention relates to a flow sensor and a flow rate meas- 
uring apparatus and method which can measure the 
flow rale of the fluid accurately even when the kind and 
composition of the fluid are changed, and relates to a 
flow rate measuring apparatus and method which can 
measure the flow rate of the fluid even when the meas- 
uring range of the flow rate is relatively wide. 

BACKGROUND ART 

[0002] Fig. 9 shows an arrangement view of a con- 
ventional thermal micro-flow sensor. A micro-flow sen- 
sor 101 includes an Si substrate 102, a diaphragm 103, 
a micro-heater 104, a downstream thermopile 105 
formed on the diaphragm 103 at the lower end of the 
micro-heater 104, power source terminals 106A, 106B 
for supplying a driving current to the micro-heater 104, 
an upstream thermopile 108 formed on the diaphragm 
103 at the upper end of the micro-heater 104, first out- 
put terminals 109A. 109B for producing a first tempera- 
ture detected signal supplied from the upstream 
thermopile 108, and second output terminals 107A, 
1078 for producing a second temperature detected sig- 
nal supplied from the downstream thermopile 105. 
[0003] According to the micro-flow sensor 101 thus 
configured, in response to the driving current supplied 
externally, the micro-heater 1 04 heats an object fluid for 
measurement such as a gas to generate uniform tem- 
perature distributions from itself to the downstream ther- 
mopile 105 and from itself to the upstream thermopile 
108. 

[0004] In this state, when the flow from P to Q is 
generated in the object fluid such the gas, the tempera- 
ture distribution around the micro-heater is deflected 
downstream of the object fluid, i.e. toward the down- 
stream thermopile 105. Therefore, the upstream ther- 
mopile 108 detects the temperature lower than when no 
flow is generated in the fluid, i.e. flow rate = 0. Then, the 
upstream thermopile 108 produces the first temperature 
detected signal corresponding to the detected tempera- 
ture. 

[0005] On the other hand, the downstream thermo- 
pile 105 detects the temperature higher than when no 


flow is generated in the fluid, Le. flow rate = 0 by the 
degree the temperature distribution has been deflected 
downstream. Then, the downstream thermopile 105 
produces the second temperature detected signal cor- 

5 responding to the detected temperature. Thus, a flow 
rate measuring apparatus (not shown) can measure the 
flow rate of the object fluid on the basis of a difference 
signal between the first temperature detected signal 
from the upstream thermopile 1 08 and the second tem- 

10 perature detected signal from the downstream thermo- 
pile 105. 

[0006] However, the conventional micro-flow sensor 
as shown in Fig. 9 has a disadvantage that when the 
kind or composition of the object fluid, the output char- 
ts acteristic is also changed. 

[0007] Specifically, when the kind or composition of 
the fluid, the physical property (hereinafter simply 
referred to as "property") of the fluid such as thermal 
conductivity, specific heat, viscosity density etc. is also 
20 changed. This modifies the temperature distribution of 
the fluid heated by the micro-heater, and hence the out- 
put characteristic. 

[0008] In order to obviate such failure, aside from 
the micro-flow sensor, a gas analysis sensor was 

25 arranged, or otherwise the micro-flow sensor or a 
device incorporating it was caused to recognize the 
properties of the fluid previously. 
[0009] However, for example, in a gas meter, the 
gas having the same standard has a slightly different 

30 composition of the raw gas according to various lots. 
The gas composition for controlling the quantity of heat 
Is adjusted with limited accuracy by a gas production 
factory so that the composition of the gas having the 
same standard may be changed. Therefore, there was a 

35 limit for the characteristic value of the fluid to be previ- 
ously recognized by the micro-flow sensor and the 
device incorporating it 

[0010] Where the gas analysis sensor is arranged 
aside, the gas meter is upsized, and the method for cor- 
40 recting the flow rate and the location of the gas analysis 
sensor must be considered. This makes it difficult to 
manufacture the gas meter at low cost. 

DISCLOSURE OF THE INVENTION 

45 

[0011] This invention has been accomplished in 
view of the above circumstance. 
[0012] An object of this invention is to provide a 
thermal fluid sensor and fluid identifying apparatus and 

50 method which permits a flow sensor to measure the flow 
rate of an object fluid accurately even when the flow 
sensor produces a change in the output characteristic 
with a change in the kind or composition of an object 
fluid, and also provide the flow sensor and flow rate 

55 measuring apparatus and method which is preferably 
used to measure the flow rate using these thermal fluid 
sensor and fluid identifying apparatus and method. 
[00 13] In order to attain the above objects, the ther- 
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mal fluid sensor defined in claim 1 is characterized by 

comprising: 

a heater for heating an object fluid for measurement 
flowing through a flow path by a driving current 

externally supplied; 

a side temperature sensor an-anged in a direction 
orthogonal to the flow direction of the object fluid 
with respect to the heater to detect the temperature 
of the object fluid so that a temperature detected 

signal is produced; and 

a supporting txjard for supporting the heater and 
the side temperature sensor. 

[0014] The fluid discriminating apparatus defined in 
claim 6 for discriminating the kind of the object fluid 
using the thermal fluid sensor set force in claim 1 is 
characterized by comprising: 

fluid property computing means for computing the 
property of the object fluid on the basis of the tem- 
perature detected signal supplied from the side 
temperature sensor in the thermal fluid sensor. 

[0015] The fluid discriminating apparatus defined in 
claim 10 for discriminating the kind of the object fluid 
using the thermal fluid sensor set forth in claim 1 is 
characterized by comprising: 

flow rate measuring means for measuring the flow 
rate of the object fluid flowing through the fluid path; 
reference range data storage means for storing 
data of a plurality of kinds of reference ranges of the 
temperature detected signal corresponding to the 
flow rates of the object fluid flowing through the flow 
path, the reference ranges being different accord- 
ing to the kinds of the object fluid and con-elated 
with the kinds; 

reference range data inferring means for inferring a 
single reference range data con-esponding to the 
flow rate of the object fluid from data of the plurality 
of reference ranges stored in the reference range 
data storage means; 

pertinent reference range determining means for 
determining the reference range correlated with the 
object fluid to which the temperature detected sig- 
nal belongs, 

wherein It is determined that the object fluid 
conrelated with the reference range thus deter- 
mined is the object fluid flowing through the flow 
path. 

[0016] The fluid discriminating method defined in 
claim 1 1 of discriminating the object fluid using the ther- 
mal fluid sensor set forth in claim 1 is characterized by 
comprising: 

fluid-property computing step of computing the 


4 

property of the object fluid on the basis of the tem- 
perature detected signal supplied from the side 
temperature sensor in the thermal fluid sensor. 

5 [0017] The fluid discriminating method defined in 

claim 15 for dischminating the kind of the object fluid 
using the thermal fluid sensor set forth in claim 1 , com- 
prising: 

10 flow rate measuring step of measuring the flow rate 
of the object fluid flowing through the fluid path; 
reference range data inferring means step of infer- 
ring a single reference range data corresponding to 
the flow rate of the object fluid from a group of data 

15 of a plurality of prescribed reference ranges of the 
temperature detected signal corresponding to the 
flow rates of the object fluid flowing through the flow 
path, the reference ranges being different accord- 
ing to the kinds of the object fluid and correlated 

20 with the kinds; 

pertinent reference range determining step of 
determining the reference range correlated with the 
object fluid to which the temperature detected sig- 
nal belongs, 

25 wherein it is determined that the object fluid 

correlated with the reference range thus deter- 
mined is the object fluid flowing through the flow 
path. 

30 [0018] The flow rate measuring apparatus deflned 
in claim 16 for measuring the flow rate of the object fluid 
flowing through the flow path using the thermal fluid 
sensor set forth in claim 1 is characterized by compris- 
ing: 

35 

flow rate measuring means for measuring the flow 
rate of the object fluid flowing through the flow path; 
and 

flow rate correcting means for correcting the flow 
40 rate of the fluid measured by the flow rate measur- 
ing means. 

[0019] The flow rate measuring apparatus defined 
in claim 18 for measuring the flow rate of the object fluid 
45 flowing through the flow path using the thermal fluid 
sensor set forth in claim 1 is characterized by compris- 
ing: 

flow rate measuring means for measuring the flow 
50 rate of the object fluid flowing through the flow path; 
deciding means for deciding whether the flow rate 
of the fluid measured by the flow rate measuring 
means is in a high flow rate state or a low flow rate; 
flow rate outputting means for outputting an output 
55 signal from the flow rate measuring means as a 
flow rate detected signal as it is if the flow rate is 
decided to be in the low flow rate state, and another 
output signal when the output signal from the flow 
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rate measuring means is divided by the tempera- 
ture detected signal from the side temperature sen- 
sor if the flow rate is decided to be in the high flow 
rate state. 

[0020] The flow rate measuring apparatus defined 
in claim 19 for measuring the flow rate of the object fluid 
flowing through the flow path using the thermal fluid 
sensor set forth in claim 1 . 

flow rate measuring means for measuring the flow 
rate of the fluid flowing through the flow path and 
producing an output signal having a value corre- 
sponding to the flow rate thus measured; 
fluid property computing means for computing the 
property of the object fluid on the basis of the tem- 
perature detected signal supplied from the side 
temperature sensor in the thermal fluid sensor; 
parameter storage means storing a plurality of 
kinds of parameters each for converting the output 
signal from the flow rate measuring means into a 
flow rate; and 

selecting means for selecting a single parameter of 
the plurality of kinds of parameters stored in the 
parameter storage means on the basis of the prop- 
erty of the object fluid computed by the fluid prop- 
erty computing means, wherein 
the flow rate converted from the output signal from 
the flow rate measuring means using the single 
parameter selected by the selecting means is taken 
as the measured value of the flow rate of the object 
fluid flowing through the flow path. 

[0021] The flow rate measuring method defined in 
claim 20 for measuring the flow rate of the object fluid 
flowing through the flow path using the thermal fluid 
sensor set forth in claim 1 , is characterized by compris- 
ing: 

flow rate measuring step of measuring the flow rate 
of the object fluid flowing through the flow path; and 
flow rate correcting step of correcting the flow rate 
of the fluid measured by the flow rate measuring 

means. 

[0022] The flow rate measuring apparatus defined 
in claim 22 for measuring the flow rate of the object fluid 
flowing through the flow path using the thermal fluid 
sensor set forth in claim 1 Is characterized by compris- 
ing: 

flow rate measuring step of measuring the flow rate 
of the object fluid flowing through the flow path; 
deciding step of deciding whether the flow rate of 
the fluid measured by the flow rate measuring 
means is in a high flow rate state or a low flow rate; 
flow rate outputting step of outputting an output sig- 
nal acquired in the flow rate measuring step as a 


flow rate detected signal as it is if the flow rate is 
decided to be in the low flow rate state, and another 
output signal when the output signal acquired in the 
flow rate measuring step is divided by the tempera- 
5 ture detected signal from the side temperature sen- 
sor if the flow rate is decided to be in the high flow 
rate state. 

[0023] The flow rate measuring method defined in 
10 claim 23 for measuring the flow rate of the object fluid 
flowing through the flow path using the thermal fluid 
sensor set forth in claim 1 , 

flow rate measuring step of measuring the flow rate 

15 of the fluid flowing through the flow path and pro- 
ducing an output signal having a value correspond- 
ing to the flow rate thus measured; 
fluid property computing step of computing the 
property of the object fluid on the basis of the tem- 

20 perature detected signal supplied from the side 
temperature sensor in the thermal fluid sensor; 
selecting means for selecting a single parameter of 
the plurality of kinds of prescribed parameters on 
the basis of the property of the object fluid com- 

25 puted in the fluid property computing step, the plu- 
rality of kinds of parameters each for converting the 
output signal from the flow rate measuring means 
into a flow rate, 

wherein the flow rate converted from the out- 

30 put signal from the flow rate measuring means 
using the single parameter selected in the selecting 
step is taken as the measured value of the flow rate 
of the object fluid flowing through the flow path. 

35 [0024] The flow sensor defined in claim 24 is char- 
acterized by comprising: 

a heater for heating an object fluid flowing through 
a flow path by a driving current externally supplied; 
40 an upstream temperature sensor arranged 
upstream of the object fluid with respect to the 
heater to detect the temperature of the object fluid 
so that a first temperature detected signal is pro- 
duced; 

45 a downstream temperature sensor arranged down- 
stream of the object fluid with respect to the heater 
to detect the temperature of the object fluid so that 
a second temperature detected signal is produced; 
a side temperature sensor arranged in a direction 

50 orthogonal to the flow direction of the object fluid 
with respect to the heater to detect the temperature 
of the object fluid so that a third temperature 
detected signal is produced; and 
a supporting board for supporting the heater, the 

55 upstream sensor, the downstream sensor and the 
side temperature sensor. 

[0025] The fluid discriminating apparatus defined in 
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claim 31 for discriminating the kind of the object fluid 
using the thermal fluid sensor set force in claim 24 is 
characterized by comprising: 

flow rate measuring means for measuring a flow s 
rate of the object fluid on the basis of a difference 
signal between the first temperature detected sig- 
nal supplied from the upstream temperature sensor 
and the second temperature detected signal sup- 
plied from the downstream temperature sensor; io 
reference value storage means for storing a plural- 
ity of kinds of reference values of the third tempera- 
ture detected signal supplied from the side 
temperature sensor within the flow sensor, the ref- 
erence values corresporKling to flow rales of the is 
object fluid flowing through the flow path; 
reference value inferring means for inferring a sin- 
gle reference value corresponding to the flow rate 
of the object fluid measured by the flow rate meas- 
uring means from the plurality of kinds of reference 20 
values stored in the reference value storage 
means; and 

temperature detected signal ratio computing means 
for computing a ratio of the reference value inferred 
by the reference value inferring means to the third 25 
temperature detected signal supplied from the side 
temperature sensor, 

wherein the fluid property computing means 
computes the property of the object fluid on the 
basis of the ratio computed by the temperature 30 
detected signal ratio computing means. 

[0026] The fluid discriminating apparatus defined in 
claim 32 according to claim 24 is characterized by com- 
prising: 35 

flow rate measuring means for measuring a flow 
rate of the object fluid on the basis of a difference 
signal between the first temperature detected sig- 
nal supplied from the upstream temperature sensor 40 
and the second temperature detected signal sup- 
plied from the downstream temperature sensor; 
and 

fluid property computing means for multiplying the 
flow rate or its square root of the object fluid flowing 45 
through the flow path measured by the flow rate 
measuring means by the temperature detected sig- 
nal supplied from the side temperature sensor in 
the flow sensor, thereby acquiring the property of 
the object fluid. . so 

[0027] The fluid discriminating apparatus defined In 
claim 34 for discriminating the kind of the object fluid 
using the flow sensor set forth in claim 24 is character- 
ized by comprising: ss 

flow rate measuring means for measuring a flow 
rate of the object fluid on the basis of a difference 


signal between the first temperature detected sig- 
nal supplied from the upstream temperature sensor 
and the second temperature detected signal sup- 
plied from the downstream temperature sensor; 
and 

reference range data storage means for storing 
data of a plurality of kinds of reference ranges of the 
third temperature detected signal corresponding 
flow rates of the object fluid flowing through the flow 
path, the reference ranges being different accord- 
ing to the kinds of the object fluid and correlated 
with the kinds; 

reference range data inferring means for inferring a 
single reference range data corresponding to the 
flow rate of the object fluid from data of the plurality 
of reference ranges stored In the reference range 
data storage means; 

pertinent reference range determining means for 
determining the reference range correlated with the 
object fluid to which the third temperature detected 
signal belongs, 

wherein it is determined that the object fluid 
correlated with the reference range thus deter- 
mined is the object fluid flowing through the flow 
path. 

[0028] The fluid discriminating method defined in 
claim 35 for discriminating the kind of the object fluid 
using the flow sensor set force in claim 24 is character- 
ized by comprising; 

flow rate measuring step of measuring a flow rate of 
the object fluid on the basis of a difference signal 
between the first temperature detected signal sup- 
plied from the upstream temperature sensor and 
the second temperature detected signal supplied 
from the downstream temperature sensor; 
reference value storage step of storing a plurality of 
kinds of reference values of the third temperature 
detected signal supplied from the side temperature 
sensor within the flow sensor, the reference values 
corresponding to flow rates of the object fluid flow- 
ing through the flow path; 

reference value inferring step of inferring a single 
reference value corresponding to the flow rate of 
the object fluid measured by the flow rate measur- 
ing means from the plurality of kinds of reference 
values stored in the reference value storage 
means; and 

temperature detected signal ratio computing step of 
computing a ratio of the reference value infen-ed by 
the reference value infen-ing means to the third tem- 
perature detected signal supplied from the side 
temperature sensor, 

wherein the fluid property computing means 
computes the property of the object fluid on the 
basis of the ratio computed by the temperature 
detected signal ratio computing means. 
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[0029] The fluid discriminating method defined in 
claim 36 for discriminating the kind of the object ftuid 
using the flow sensor set force in claim 24. 

flow rate measuring step for computing a flow rate 5 
of the object fluid on the basis of a difference signal 
between the first temperature detected signal sup- 
plied from the upstream temperature sensor and 
the second temperature detected signal supplied 
from the downstream temperature sensor; and io 
fluid property computing step of multiplying the flow 
rate or its square root of the object fluid flowing 
through the flow path measured by the flow rate 
measuring means by the temperature detected sig- 
nal supplied from the side temperature sensor in is 
the flow sensor, thereby acquiring the property of 
the object fluid. 

[0030] The fluid discriminating method defined in 
claim 38 for discriminating the kind of the object fluid 20 
using the flow sensor set forth in claim 24 is character- 
ized by comprising: 

flow rate measuring step of measuring a flow rate of 
the object fluid on the basis of a difference signal 25 
between the first temperature detected signal sup- 
plied from the upstream temperature sensor and 
the second temperature detected signal supplied 
from the downstream temperature sensor; and 
reference range data inferring step of infening a 30 
single reference range data corresponding to the 
flow rate of the object fluid from data of a plurality 
kinds of reference ranges of the third temperature 
detected signal corresponding to the flow rates of 
the object fluid flowing through the flow path, the 35 
reference ranges being different according to the 
kinds of the object fluid and correlated with the 
kinds; 

pertinent reference range determining step of 
determining the reference range correlated with the 40 
object fluid to which the third temperature detected 
signal belongs, 

wherein it is determined that the object fluid 
correlated with the reference range thus deter- 
mined is the object fluid flowing through the flow 45 
path. 

[0031] The flow rate measuring apparatus defined 
in claim 39 for measuring the flow rate of the object fluid 
flowing through the flow path using the flow sensor set so 
forth in claim 24, comprising: 

flow rate computing means computing a flow rate of 
the object fluid on the basis of a difference signal 
between the first temperature detected signal sup- ss 
plied from the upstream temperature sensor and 
the second temperature detected signal supplied 
from the downstream temperature sensor; and 


fluid property computing means for computing the 
property of the object fluid on the basis of the third 
temperature detected signal supplied from the side 
temperature sensor with the flow sensor; and 
flow rate correcting means for correcting the flow 
rate of the object fluid computed by the flow rate 
computing means on the basis of the property of 
the object fluid computed by the fluid property com- 
puting means. 

[0032] The flow rate measuring apparatus defined 
in claim 41 for measuring the flow rate of the object fluid 
flowing through the flow path using the flow sensor set 
forth in claim 24 is characterized by comprising: 

flow rate computing means for computing a flow 
rate of the object fluid on the basis of a difference 
signal between the first temperature detected sig- 
nal supplied from the upstream temperature sensor 
and the second temperature detected signal sup- 
plied from the downstream temperature sensor; 
and 

deciding means for deciding whether the flow rate 
of the fluid measured by the flow rate measuring 
means is in a high flow rate state or a low flow rate; 
flow rate outputting means for outputting an output 
signal from the flow rate measuring means as a 
flow rate detected signal as it is if the flow rate is 
decided to be in the low flow rate state, and another 
output signal when the output signal from the flow 
rate measuring means is divided by the third tem- 
perature detected signal from the side temperature 
sensor if the flow rate is decided to be In the high 
flow rate state. 

[0033] The flow rate measuring apparatus defined 
in claim 42 for measuring the flow rate of the object fluid 
flowing through the flow path using the flow sensor set 
forth in claim 24, 

flow rate computing means for computing a flow 
rate of the object fluid on the basis of a difference 
signal between the first temperature detected sig- 
nal supplied from the upstream temperature sensor 
and the second temperature detected signal sup- 
plied from the downstream temperature sensor and 
producing an output signal having a value corre- 
sponding to the flow rate thus computed; 
fluid property computing means for computing the 
property of the object fluid on the basis of the third 
temperature detected signal supplied from the side 
temperature sensor in the flow sensor; 
parameter storage means storing a plurality of 
kinds of parameters each for converting the output 
signal from the flow rate computing means into a 
flow rate; and 

selecting means for selecting a single parameter of 
the plurality of kinds of parameters stored in the 
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parameter storage means on the basis of the prop- 
erty of the object fluid computed by the fluid prop- 
erty computing means, wherein 
the flow rate converted from the output signal from 
the flow rate measuring means using the single 
parameter selected by the selecting means is taken 
as the measured value of the flow rate of the object 
fluid flowing through the flow path. 

[0034] The flow rate measuring method defined in 
claim 43 for measuring the flow rate of the object fluid 
flowing through the flow path using the flow sensor set 
forth in claim 24 is characterized by comprising: 

flow rate computing step of computing a flow rate of 
the object fluid on the basis of a difference signal 
between the first temperature detected signal sup- 
plied from the upstream temperature sensor and 
the second temperature detected signal supplied 
from the downstream temperature sensor; and 
fluid property computing step of computing the 
property of the object fluid on the basis of the third 
temperature detected signal supplied from the side 
temperature sensor within the flow sensor; 
flow rate connecting step of correcting the flow rate 
of the object fluid computed by the flow rate com- 
puting means on the basis of the property of the 
object fluid computed in the fluid property comput- 
ing step. 

[0035] The flow rate measuring apparatus defined 
in claim 45 for measuring the flow rate of the object fluid 
flowing through the flow path using the flow sensor set 
forth In claim 24, comprising: 

flow rate computing step for computing a flow rate 
of the object fluid on the basis of a difference signal 
between the first temperature detected signal sup- 
plied from the upstream temperature sensor and 
the second temperature detected signal supplied 
from the downstream temperature sensor, thereby 
acquiring a signal having the value con*esponding 
to the computed flow rate; and 
deciding means for deciding whether the flow rate 
of the fluid acquired in the flow rate measuring step 
is in a high flow rate state or a low flow rate; 
flow rate outputting means for outputting an output 
signal acquired in the flow rate computing step as a 
flow rate detected signal as It Is if the flow rate is 
decided to be in the low flow rate state, and another 
output signal when the output signal acquired in the 
flow rate computing step is divided by the third tem- 
perature detected signal from the side temperature 
sensor if the flow rate is decided to be in the high 
flow rate state. 

[0036] The flow rate measuring apparatus defined 
In claim 46 for measuring the flow rate of the object fluid 


flowing through the flow path using the flow sensor set 
forth In claim 24 is characterized by comprising 


flow rate computing step of computing a flow rate of 

5 the object fluid on the basis of a difference signal 
between the first temperature detected signal sup- 
plied from the upstream temperature sensor and 
the second temperature detected signal supplied 
from the downstream temperature sensor and pro- 

10 ducing an output signal having a value correspond- 
ing to the flow rate thus computed; 
fluid property computing step of computing the 
property of the object fluid on the basis of the third 
temperature detected signal supplied from the side 

15 temperature sensor in the flow sensor; 

parameter storage means storing a plurality of 
kinds of parameters each for converting the output 
signal acquired in the flow rate computing step into 
a flow rate; and 

20 selecting step of selecting a single parameter of the 
plurality of kinds of parameters on the basis of the 
property of the object fluid computed in the fluid 
property computing step, wherein 

the flow rate converted from the output slg- 

25 nal from the flow rate computing step using the sin- 
gle parameter selected in the selecting step is 
taken as the measured value of the flow rate of the 
object fluid flowing through the flow path. 

30 BRIEF DESCRIPTION OF THE DRWAINGS 

[0037] 

Fig. 1 is a view showing a configuration of the 
35 micro-flow sensor according to a first embodiment 
of this invention; 

Fig. 2 is a sectional view according to the micro- 
flow sensor according to the first embodiment of 

this invention; 

40 Fig. 3 Is a block diagram of the arrangement of a 
flow rate measuring apparatus using the micro-flow 
sensor according to the first embodiment of this 
invention; 

Fig. 4 is a flowchart for explaining the flow rate 
45 measuring method which Is realized by the flow rate 
measuring apparatus shown in Fig. 3; 
Fig. 5 is a graph showing a first temperature 
detected signal and a second temperature detected 
signal which are produced by the micro-flow sensor 
50 shown in Fig. 1; 

Fig. 6 is a graph showing a right temperature 
detected signal and a left temperature detected sig- 
nal; 

Fig. 7 is a view showing a configuration of the 
55 micro-flow sensor according to a second embodi- 
ment of this invention; 

Fig. 8 is a block diagram of the arrangement of a 
fiow rate measuring apparatus using the micro-flow 
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sensor according to the second embodiment of this 
invention; and 

Fig. 9 is a view showing the configuration of a con- 
ventional thermal micro-flow sensor. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0038] Concrete Configuration of the micro-flow 
sensor according to a first preferred embodiment of this 
Invention 

[0039] Now referring to Figs. 1 and 2, an explana- 
tion will be given of the configuration of the micro-flow 
sensor according to the first embodiment of this inven- 
tion. 

[0040] As seen from Fig. 1. a micro-flow sensor, 
generally 1, includes a Si board 2. a diaphragm 3, a 
micro-heater 4 of Pt formed on the diaphragm 2, a 
downstream thermopile 5 formed downstream of the 
micro-heater 4 on the diaphragm 3, power source termi- 
nals 6A, 6B for supplying a driving current to the micro- 
heater 4 from a power source (not shown), an upstream 
thermopile 8 formed upstream of the micro-heater 4 on 
the diaphragm 3, first output terminals 9A. 98 for pro- 
ducing a first temperature detected signal supplied from 
the upstream thermopile 8, and second output terminals 
7 A, 78 for producing a second temperature detected 
signal supplied from the downstream thermopile 5. 
[0041] The micro-flow sensor 1 further includes a 
right thermopile 11, third output terminals 12A, 128, a 
left thermopile 13 and fourth output terminals 14A, 148. 
The right thermopile 11 is arranged in a direction 
orthogonal to the flow direction (direction from P to Q) of 
fluid with respect to the micro-heater 4 and serves to 
detect the property to produce a right temperature 
detected signal (corresponding to a third temperature 
detected signal). The third output terminals 12A, 128 
provide the right temperature detected signal produced 
from the right thermopile 11. The left thermopile 13 is 
arranged in a direction orthogonal to the flow direction 
of fluid with respect to the micro-heater 4 and serves to 
detect the property to produce a left temperature 
detected signal (corresponding to a third temperature 
detected signal). The fourth output terminals 14 A, 148 
provide the left temperature delected signal produced 
from the left thermopile 13. The micro-flow sensor 1 fur- 
ther includes resistors 15, 16 used for acquiring the 
temperatures of the fluid and output terminals 17A. 17B 
for providing the fluid temperature signals produced 
from the resistors 15, 16. The right thermopile 11 and 
the left thermopile 13 constitute a temperature sensor 
[0042] The upstream thermopile 8, downstream 
thermopile 5, right thermopile 1 1 and left thermopile 13 
are constituted by a thermocouple, respectively The 
thermocouple is made of p++ -Si and Al and has a cold 
contact and hot contact. The thermocouple detects heat 
to produce a temperature detected signal on the basis 
of the thermal electromotive force resulting from the 
temperature difference between the cold contact and 


the hot contact. 

[0043] As seen from Fig. 2, the Si board 2 includes 
the diaphragm 2 on which the hot contact of each of the 
micro-heater 4, upstream thermopile 8, downstream 
thermopile 5, right thermopile 1 1 and lefl thermopile 13 
is formed. 

[0044] In the micro-flow sensor 1 thus configured, 
when the micro-heater 4 starts heating by the driving 
cun*ent externally supplied, the heat generated from the 
micro-heater 4 is conducted to the hot contact of each of 
the downstream thermopile 5 and the upstream thermo- 
pile 8 through the fluid. The cold contact of each of 
these thermopiles, which is located on the Si board 2, 
exhibits the temperature of the board. The hot contact of 
each of these thermopiles, which is located on the dia- 
phragm, is heated by the conducted heat. The hot con- 
tact has a temperature higher than that of the board 2. 
Each thermopile generates a thermal electromotive 
force based on the temperature difference between the 
hot contact and cold contact to produce a temperature 
detected signal. 

[0045] The heat conducted through the fluid is con- 
ducted to the respective thermopiles by the mutual 
effect of the thermal expansion of the fluid and the 
velocity of the fluid flowing from P to Q. More specifi- 
cally, where there is no flow velocity, the heat is equally 
conducted to the upstream thermopile 8 and the down- 
stream thermopile 5 by thermal expansion. Thus, the 
difference signal between the first temperature detected 
signal from the upstream thermopile 8 and the second 
temperature detected signal from the downstream ther- 
mopile 5 is zero. 

[0046] On the other hand, when the velocity is gen- 
erated in the fluid, because of the flow velocity, the 
quantity of heat conducted to the hot contact of the 
downstream thermopile 5 is increased. Thus, the differ- 
ence signal between the second temperature detected 
signal and the first temperature detected signal is a pos- 
itive value corresponding to the difference signal. 
[0047] Further, when the micro-beater 4 starts 
heating by the driving current externally supplied, the 
heat generated from the micro-heater 4 is conducted to 
the right thermopile 1 1 an^nged in a direction orthogo- 
nal to the flow direction of the fluid with respect to the 
micro-heater 4 by only the thermal expansion without 
being affected by the flow velocity of the fluid. Likewise, 
the heat generated from the micro-heater 4 is con- 
ducted to the left thermopile 13 arranged in a direction 
orthogonal to the flow direction of the fluid with respect 
to the micro-heater 4. The property of the fluid such as 
the thermal dispersion coefficient which is determined 
by thermal conduction, thermal dispersion, specific 
heat. etc. can be computed on the basis of the right 
temperature detected signal produced from the third 
output terminals 12A, 128 by the electromotive force of 
the right thermopile 11 and/or the left temperature 
detected signal produced from the fourth output termi- 
nals 14A, 148 by the electromotive force of the left ther- 


EP 1 094 306 A1 14 


5 


10 


15 


20 


25 


30 


35 


40 


45 


50 


8 


15 EP 1 094 306 A1 16 


mopile 13. 

[0048] In the micro-flow sensor 1 according to this 
embodiment, the micro-heater 4, upstream thermopile 
8, downstream thermopile 5, right thermopile 1 1 and left 
thermopile 13 are located on the diaphragm 3. There- 5 
fore, by reducing the thermal capacity of each of these 
elements, power consumption can be reduced. The 
micro-flow sensor 1, which is simple In structure, can be 
manufactured at low cost. 

[0049] Next, an explanation will be given of a flow io 
rate measuring apparatus using the above micro-flow 
sensor which can accurately measure the flow rate of 
fluid at all times regardless with a change in the kind or 
composition of the fluid. 

[0050] Fig. 3 is a block diagram of the arrangement is 
of a flow rate measuring apparatus using the micro-flow 
sensor according to the first embodiment of this inven- 
tion. The flow rate measuring apparatus intends to 
measure the flow rate of the fluid such as gas. The flow 
rate measuring apparatus Includes a differential ampli- 20 
fier 33 for amplifying the difference signal between the 
second temperature detected signal (from the down- 
stream thermopile 5 within the micro-flow sensor 1) and 
the first temperature detected signal (from the upstream 
thermopile 8 within the micro-flow sensor 1). an ampli- 25 
fier 35a for amplifying the right temperature detected 
signal from the right thermopile 1 1 within the micro-flow 
sensor 1, an amplifier 35b for amplifying the left temper- 
ature detected signal from the left thermopile 1 1 within 
the micro-flow sensor 1 and a microcomputer 40. 30 
[0051] The microcomputer 40 Includes an adder 
unit 45 for adding the right temperature detected signal 
produced from the amplifier 35a and the left tempera- 
ture detected signal produced from the amplifier 35b, a 
divider unit for dividing the difference signal between the 35 
second temperature detected signal and the first tem- 
perature detected signal acquired by the differential 
amplifier 33 by an addition signal produced from the 
adder 45, a flow rate computing unit 41 for computing 
the flow rate of a fluid on the basis of an addition signal 40 
produced from the divider unit 47, and a fluid property 
computing unit 43 for computing the property such as 
the thermal conducting rate, specific heat, viscosity, 
density on the basis of the addition signal from the 
adder unit 45. 45 
[0052] Referring to the flowchart shown in Fig. 4, an 
explanation will be given of a method of measuring a 
flow rate realized by the flow rate measuring apparatus 
related to the first embodiment. 

[0053] First, when the micro-heater 4 is driven by so 
the driving cun'ent of a pulse signal externally supplied 
(step S11), the second temperature detected signal is 
produced from the downstream thermopile 5, whereas 
the first temperature, detected signal is produced from 
the upstream thermopile 8 (step S13). Both second and ss 
first temperature detected signals are supplied to the 
differential amplifier 33. Incidentally, Fig. 5 shows the 
response of the first and second temperature detected 


signals to the pulse signal. 

[0054] Next, the differential amplifier 33 amplifies 
the second temperature detected signal from the down- 
stream thermopile 5 and the first temperature detected 
signal from the upstream thermopile 8 (step S15). 
[0055] The adder unit 45 adds the right temperature 
detected signal supplied from the amplifier 35a and the 
left temperature detected signal supplied from the 
amplifier 35b to acquire an addition signal (step S17). 
Fig. 6 shows a timing chart of the right temperature 
detected signal, left temperature detected signal and 
addition signal. The divider unit 47 divides the differ- 
ence signal after having amplified in step S15 by the 
addition signal acquired in step S17 to acquire a division 
signal (step S19). 

[0056] The fiow rate computing unit 41 computes 
the precise flow rate of the fluid on the basis of the divi- 
sion signal acquired in step S19 (step S21). The fluid 
property computing unit 43 computes the property such 
as the thermal conducting rate, specific heat, viscosity, 
density of the fluid on the basis of the addition signal 
acquired In step S17 and the precise flow rate com- 
puted in step S21 (step S23). 

[0057] In this way, by detecting the property by the 
right thermopile 1 1 and the left thermopile 13 which are 
an-anged In a direction orthogonal to the flow direction 
of the fluid, the thermal conductivity of the fluid Is meas- 
ured. Where the flow velocity is zero, the velocity of con- 
ducting heat through the fluid depends on the thermal 
diffusion coefficient (one of the properties of the fluid) 
which is determined by the thermal conducting coeffi- 
cient, thermal diffusion and specific heat. etc. Where 
the flow velocity is zero, the thermal diffusion coefficient 
is acquired on the basis of the temperature difference 
between the left thermopile 13 or the right thermopile 14 
and the micro-heater 4. The larger the temperature dif- 
ference Is, the smaller the thermal diffusion coefficient 
is. 

[0058] The value of the thermal diffusion coefficient 
affects the first temperature detected signal supplied 
from the upstream thermopile 8 and the second temper- 
ature detected signal supplied from the downstream 
thermopile 5. Namely, the values of these signals vary 
according to the thermal diffusion coefficient. Therefore, 
by dividing the first temperature detected signal, second 
temperature detected signal or the difference therebe- 
tween by the thermal diffusion coefficient, the precise 
flow rate can be computed for the fluids having different 
thermal diffusion coefficients, I.e. any kind of fluid. 
[0059] On the other hand, where the flow rate is not 
zero, heat is conducted downstream according to the 
flow of the fluid. Therefore, the quantity of heat which 
reaches the right thermopile 1 1 and the left thermopile 
13 is reduced correspondingly. Namely, the thermal dif- 
fusion around the right thermopile 1 1 and the left ther- 
mopile 13 is increased according to the flow of the fluid. 
Now, since it is known that the rate of increasing the 
thermal diffusion Is proportional to the square root of the 
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flow velocity of the fluid, the thermal diffusion coefficient 
of the fluid can t>e theoretically estimated for any flow 
rate as long as the flow rate of the fluid can be acquired 
by any means, 

[0060] On the other hand, also around the 
upstream IhermopKe 8 and the downstream thermopile 
5, an increase in the thermal diffusion (reduction of the 
quantity of heat moving from the micro-heater 4) is gen- 
erated like around the right thermopile 1 1 and the left 
thermopile 13. Therefore, when the quantity of heat of 
the fluid is increased, because of the attendant increase 
in the thermal diffusion, the difference between the tem- 
perature of the fluid around the downstream thermopile 
6 and that around the upstream thermopile 8 is 
decreased. 

[0061] Therefore, the difference signal between the 
second temperature detected signal (from the down- 
stream thermopile 5) and the first temperature detected 
signal (from the upstream thermopile 8), which is to be 
essentially increased in proportion to an increase in the 
flow velocity of the fluid, is decreased under the influ- 
ence of the thermal diffusion. Where the flow rate of the 
fluid is excessively increased, the increment due to the 
increase in the flow velocity exceeds the decrement due 
to the increase in the thermal diffusion, the difference 
signal between the second temperature detected signal 
and the first temperature detected signal may be 
decreased although the flow rate has been increased. 
[0062] In order to obviate such inconvenience, 
under the assumption that the addition value of the right 
temperature detected signal and the left temperature 
detected signal when the flow rate is zero is "1", the ratio 
of the right temperature detected signal or the left tem- 
perature detected signal when the flow rate is not zero 
to the addition value is regarded as a coefficient repre- 
sentative of the changing rate of the quantity of moving 
heat. This coefficient is multiplied by the difference sig- 
nal between the second temperature detected signal 
and the first temperature detected signal. 
[0063] Namely by dividing the difference signal 
between the second temperature detected signal and 
the first temperature detected signal by the addition 
value of the right temperature detected signal and the 
left temperature detected signal, the flow rate free from 
the infiuence of a change in the thermal diffusion can be 
computed, thereby acquiring the precise flow rate with 
high resolution. 

[0064] I n the em bodiment described above, the dif- 
ference signal between the first temperature detected 
signal and the second temperature detected signal after 
having been amplified, acquired by the differential 
amplifier 33 is divided by the addition signal between 
the right temperature detected signal and the left tem- 
perature detected signal, acquired by the adder unit 45, 
so that the flow rate free from the infiuence by the ther- 
mal diffusion can be computed.. 
[0065] In the embodiment, the division signal is 
acquired by the divider unit 47 earlier than the flow rate 


is acquired by the flow rate computing unit. This is 
because it is not necessary to take the property of the 
fluid as the precise value such as the thermal expansion 
coefficient, specific heat, viscosity and density in order 

5 to exclude the influence of the thermal diffusion on the 
difference signal between the second temperature 
detected signal and the first temperature detected sig- 
nal after having been amplified. 
[0066] Specifically in the embodiment described 

10 above. In order to compute the thermal expansion coef- 
ficient, specific heat, viscosity and density of the fluid, 
which cannot be defined unless the state of the thermal 
diffusion is not accurately known, by the fluid property 
computing unit 43, the accurate flow rate free from the 

15 influence by a change in the thermal diffusion is com- 
puted beforehand. The flow rate thus computed is 
reflected in the computation of the property of the fluid 
by the fluid property computing unit 43. 
[0067] However, according to the kind of the prop- 

20 erty to be computed by the fluid property computing unit 
43, the property of the fluid may be computed previously 
by the fluid property computing unit 43. Thereafter, the 
accurate flow rate free from the influence of a change in 
the thermal diffusion may be computed on the basis of 

25 the property thus computed and the am plified difference 
signal between the second temperature detected signal 
from the downstream thermopile 5 and the first temper- 
ature detected signal from the upstream thermopile 8. 
[0068] Thus, in accordance with the flow rate meas- 

30 uring apparatus using the micro-flow sensor related to 
the first embodiment, the right thermopile 1 1 and the left 
thermopile 13 are arranged in a direction orthogonal to 
the flow direction of the fluid with respect to the micro- 
heater 4 to produce the right temperature detected sig- 

35 nal and the left temperature detected signal. Because of 
such a configuration, the property of the fluid such as 
the thermal diffusion coefficient can be computed accu- 
rately without being affected by the flow direction of the 
fluid on the basis of the right temperature detected sig- 

40 nal and the left temperature detected signal. 

[0069] Further, since the flow rate of the fluid com- 
puted by the flow rate computing unit 41 is connected on 
the basis of the property thus computed, the flow rate 
can be measured accurately with no special contrivance 

45 even when the kind and composition of the fluid is 
changed. 

[0070] By using the new output when the output 
from the micro-flow sensor 1 is divided by the output 
from the right thermopile 1 1 and/or the left thermopile 
50 1 3, the characteristic of the flow rate and the output can 
be more simply made independent from the minute 
change in the composition of e.g. a fuel gas. 

Concrete configuration of micro-flow sensor according 
55 to the second embodiment of this invention 

[0071] Referring to Figs. 7 and 8, an explanation will 
be given of the configuration of the micro-flow sensor 
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according to the second embodiment of this invention. 
[0072] As seen from Fig. 7, a micro-flow sensor, 
generally la, includes a SI board 2, a diaphragm 3, a 
micro-heater 4. a downstream thermopile 5, power 
source terminals 6 A. 6B. first output terminals 7 A, 7B, 5 
upstream thermopile 8 and second output terminals 9A. 
9B. 

[0073] The micro-flow sensor 1a further includes a 
right temperature measuring resistor 21, third output 
terminals 12A. 128, a left temperature measuring resis- io 
tor 23 and fourth output terminals 14A. 148. The right 
temperature measuring resistor 21 is arranged in a 
direction orthogonal to the flow direction (direction from 
P to Q) of fluid with respect to the micro-heater 4 and 
serves to detect the temperature of the fluid to produce is 
a right temperature detected signal. The third output ter- 
minals 22A, 228 provide the right temperature detected, 
signal produced from the right temperature measuring 
resistor 21. The left temperature measuring resistor 23 
is an^nged in a direction orthogonal to the flow direction 20 
of fluid with respect to the micro-heater 4 and serves to 
detect the temperature of the fluid to produce a left tem- 
perature detected signal. The fourth output terminals 
24 A, 248 provide the left temperature detected signal 
produced from the left temperature measuring resistor 25 
23. The micro-flow sensor 1 further includes resistors 
15, 16 and output terminals 17A, 178. The right temper- 
ature measuring resistor 21 and the left temperature 
measuring resistor 23 constitute a temperature sensor, 
and are made of Pt and others like the micro-heater 4. 30 
[0074] In this way, in place of the right thermopile 1 1 
and left thermopile 13 of the micro-flow sensor 1 
according to the first embodiment, in the micro-flow sen- 
sor la according to the second embodiment, the right 
temperature measuring resistor 21 and left temperature 35 
measuring resistor 23 are arranged. The right tempera- 
ture measuring resistor 21 detects the temperature of 
the fluid to supply the right temperature detected signal 
to the third output terminals 22A, 22B. The left tempera- 
ture measuring resistor 23 detects the temperature of 40 
the fluid to the left temperature signal to supply the 
fourth output terminals 24 A. 248. 
[0075] The property of the fluid such as the thermal 
dispersion coefficient which is determined by thermal 
conduction, thermal dispersion, specific heat. etc. can 45 
be computed on the basis of the right temperature 
detected signal and the left temperature detected sig- 
nal. 

[0076] The flow rate measuring apparatus 1a for 
measuring the flow rate using the micro-flow sensor, as so 
seen from Fig. 8, includes a differential amplifier 33 for 
amplifying the difference signal between the second 
temperature detected signal (from the downstream ther- 
mopile 5 within the micro-flow sensor 1) and the first 
temperature detected signal (from the upstream ther- 55 
mopile 8 within the micro-flow sensor 1), and a bridge 
circuit 39 in which the right temperature measuring 
resistor 21 and left temperature measuring resistor 23 


20 

are opposite to two fixed resistors 38a and 38b having 
equal resistances and these resistors are bridge-con- 

nected- 

[0077] The flow rate measuring apparatus further 
includes a constant voltage source 37 for applying a 
constant voltage between the junction point of the right 
temperature measuring resistor 21 and fixed resistor 
38b and the junction point of the left temperature meas- 
uring resistor 23 and the fixed resistor 38a; a differential 
amplifier 36 for differentially amplifying the potential 
between the junction point A of the right temperature 
measuring resistor 21 and the fixed resistor 38a and the 
junction point 8 of the left temperature measuring resis- 
tor 23 and the fixed resistor 38b; and a microcomputer 
40. The microcomputer 40 Includes a divider unit (or 
parameter selecting unit) 49, a flow rate computing unit 
41 and a fluid property computing unit 43. 
[0078] In the flow rate measuring apparatus using 
the micro-flow sensor according to the second embodi- 
ment, when the temperature of the right temperature 
measuring resistor 21 rises, the potential of the junction 
point A between the right temperature measuring resis- 
tor 21 and the fixed resistor 38a is boosted. When the 
temperature of the left temperature measuring resistor 
23 rises, the potential of the junction point B between 
the left temperature measuring resistor 23 and the fixed 
resistor 38b is boosted. Therefore, when the differential 
amplification is made by the differential amplifier 36 so 
that the potential at the junction point A is subtracted 
from the potential at the junction point B. it provides an 
addition signal after the addition value of the right tem- 
perature detected signal and the left temperature 
detected signal has been amplified. 
[0079] Further, the divider unit (or parameter select- 
ing unit) 47 divides the amplified differential signal, 
(between the second temperature detected signal from 
the downstream thermopile 5 and the first temperature 
detected signal from the upstream thermopile 8) by the 
amplified addition signal supplied from the differential 
amplifier 36, thereby providing a division signal. The 
flow rate computing unit 41 computes the accurate flow 
rate of the fluid on the basis of the division signal. The 
fluid property computing unit 43 computes the property 
of the fluid such as thermal conductivity, specific heat, 
viscosity, density, etc. on the basis of the accurate flow 
rate computed by the flow rate computing unit 41 and 
the amplified addition signal supplied from the differen- 
tial amplifier 36. 

[0080] Thus, with no special contrivance, the flow 

rate of the fluid can be accurately measured In-espec- 
tively of the kind and composition of the fluid. The same 
effect as the flow rate measuring apparatus using the 
micro-flow sensor according to the first embodiment can 
be obtained. 

[0081] The present invention should not be limited 
to the micro-flow sensor 1, la, flow rate measuring 
apparatus and method using them. In the micro-flow 
sensor 1 according to the first embodiment, the thermo- 
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pile was used as a temperature sensor. In the micro- 
flow sensor 1a according to the second embodiment, 
the temperature measuring resistor of Pt resistor was 
used as a temperature sensor. The temperature sensor 
should not be limited to these elements, but may be any 
temperature sensor such as a corrector, thermistor, etc. 
which are used usually. 

[0082] In the micro-flow sensor 1, 1a according to 
the first and the second embodiment, the thermal fluid 
sensor consisting of the right thermopile 1 1 , left thermo- 
pile 13 and mciroheater 4 to detect the properly of the 
fluid was formed integrally to the micro-flow sensor 1,1a 
consisting of the downstream thermopile 5, upstream 
thermopile 8 and micro-heater 4 to measure the flow 
velocity (flow rate) of the fluid. However, this thermal 
fluid sensor consisting of the right thermopile 11, left 
thermopile 13 and mciroheater 4 may be provided sep- 
arately from the micro-flow sensor 1,1a. 
[0083] In this case, the property of the fluid can be 
computed by the fluid property computing unit 43 of the 
microcomputer 40 on the basis of the right temperature 
detected signal produced from the third output terminals 
1 2A, 1 2B by the electromotive force from the right ther- 
mopile 1 1 and/or the left temperature detected signal 
produced from the fourth output terminals 14 A, 14B by 
the electromotive force from the left thermopile. Further, 
the kind of the fluid can be inferred on the basis of the 
properly of the fluid by the microcomputer 40. 
[0084] As described finally in connection with the 
first embodiment, where the accurate flow rate of the 
fluid free from the influence by a change in the thermal 
diffusion is computed on the basis of the property previ- 
ously by the fluid property computing unit 43 and the 
amplified difference signal from the differential amplifier 
33, the amplified differential signal from the differential 
amplifier 33 may be corrected using a prescribed cor- 
rection coefficient con-esponding to the kind of the fluid 
Infen-ed by the microcomputer 40, thereby computing 
the flow rate. 

[0085] In this case, a table on which the kinds of the 
fluid are linked with the correction coefficients is previ- 
ously stored in an internal memory (ROM) of the micro- 
computer 40 or an external memory (preferably non- 
volatile) connected to the microcomputer 40. The ampli- 
fied difference signal from the differential amplifier 33 is 
multiplied by the con-ection coefficient corresponding to 
the kind of the inferred fluid which is read from the inter- 
nal memory or external memory, thereby realizing com- 
putation of the flow rate. This relaxes the burden in the 
processing of computing the flow rate. 
[0086] Where the property of the fluid is computed 
previously by the fluid property computing unit 43 and 
the accurate flow rate free from the influence by a 
change in the thermal diffusion is thereafter computed, 
another table may be previously stored in an internal 
memory (ROM) of the microcomputer 40 or an external 
memory (preferably non- volatile) connected to the 
microcomputer 40. On the table, the properties of the 


22 

fluids and the kinds thereof inferred using them are 
linked with flow conversion equations used to acquire 
the flow rate of the fluid from the amplified difference 
signal from the differential amplifier 33. 

5 [0087] Still another table may be previously stored 
in an internal memory (ROM) of the microcomputer 40 
or an external memory (preferably non-volatile) con- 
nected to the microcomputer 40. On this table, the flow 
rate of the fluid computed by the flow rate computing 

10 unit 4 1 on the basis of the second temperature detected 
signal and the first temperature detected signal is linked 
with a reference value of the corresponding third tem- 
perature detected signal from the right thermopile 1 1 or 
the left thermopile 13. 

15 [0088] In this case, the fluid property computing unit 
43 of the microcomputer 40 computes the property of 
the fluid on the basis of the ratio of the reference value 
of the third temperature detected signal, which is 
derived from the external memory using the flow rate 

20 computed by the flow rate computing unit 41 as an 
address pointer, to the third temperature detected signal 
actually acquired from the right thermopile 1 1 and the 
(eft thermopile 13. 

[0089] The above properly of the fluid can be com- 

25 puled by multiplying the above ratio of the actual third 
temperature detected signal and its reference value by 
the output from the differential amplifier 33. 
[0090] In the first embodiment and the second 
embodiment, the temperature sensors for detecting the 

30 property of the fluid were an-anged on both right and 
lefts of the micro-heater 4. However, the temperature 
sensor may be arranged on one of both right and lefts to 
detect the temperature of the fluid, thereby computing 
the property of the fluid. 

35 [0091] Where the temperature sensors are 
arranged on both sides of the micro-heater 4 as in the 
first embodiment and second embodiment, the average 
value of the output signals from both temperature sen- 
sors is used to detect the property of the fluid. Where 

40 the temperature sensor is arranged on one of both 
sides, the output therefrom is used to detect the prop- 
erty of the fluid. 

[0092] The division by the divider unit 47 may be 
selectively carried out according to the value of the out- 
45 put from the differential amplifier 33 which results from 
amplifying the difference signal between the second 
temperature detected signal and the first temperature 
detected signal. 

[0093] According to the experiment performed by 
50 the inventors of this invention, in the region with a rela- 
tive low flow rate, the output signal values of the second 
temperature detected signal and the first temperature 
detected signal increase in proportion to the flow rate. 
However, in the region with a relative high flow rate, they 
55 do not increase in proportion to the flow rate, but have a 
tendency of saturation. 

[0094] In the region with the relative low flow rate 
where the output signal values increase with the flow 
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rate, the difference signal amplified by the differential 
amplifier 33 may be dealt with as a flow rate signal as it 
is. In the region with the relative high flow rate where the 
output signal values do not increase with the flow rate, 
the divider unit 49 divides the amplified difference signal 
from the differential amplifier 33 by the average value of 
the third temperature detected signals or one of them to 
exclude the influence of saturation of the temperature 
detected signal so that the divided value is used as the 
flow rate signal. 

[0095] In such a configuration, the amplified differ- 
ence signal between the second temperature detected 
signal and the first temperature detected signal, which 
could not be used for the measurement of the flow rate 
in the region with the relatively high flow rate as 
described above, can be used for this purpose together 
with the average value of the third temperature detected 
signals from the left thermopile 1 1 and the right thermo- 
pile 13 or one of them. In this way, the range of meas- 
urement where the flow rate can be measured 
accurately can be improved by 100 - 1000 times as 
large as before. This permits various leakage states in 
e.g. gas meter to be detected by a single sensor. 
[0096] Further, it is needless to say that within the 
scope not departing from the technical idea of this 
invention, various modifications can be implemented. 

INDUSTRIAL APPLICABILITY 

[0097] As understood from the first and second 
embodiments described above, in accordance with the 
thermal fluid sensor accordance with this invention, in a 
state supported on the supporting board, a heater heats 
an object fluid flowing through a flow path by a driving 
current externally supplied. Simultaneously a side tem- 
perature sensor arranged in an direction orthogonal to 
the flow direction of the object fluid with respect to the 
heater detects the thermal conductivity of the object 
fluid so that a temperature detected signal is produced. 
Therefore, the property of the fluid can be computed on 
the basis of the temperature detected signal. 
[0098] In accordance with the thermal fluid sensor 
according to this invention, the thermal conductivity of 
the object fluid is detected by two side temperature sen- 
sors are arranged on both sides of the heater in a direc- 
tion orthogonal to the flow direction of the object fluid. 
Therefore, even when there is a change In ttie flow of 
the object fluid In the flow path in a direction orthogonal 
to the flow direction, the property of the fluid can be 
accurately computed on the basis of the temperature 
detected signals from both side temperature sensors. 
[0099] In accordance with the thermal fluid sensor, 
the heater and the side temperature sensor are formed 
on the diaphragm. The thermal capacity of the heater 
and temperature sensor can be decreased to reduce 
power consumption. 

[0100] In accordance with the thermal fluid sensor 
according to this invention, the side temperature sensor 


is a thermopile. Therefore, the temperature detected 
signal provides a small change in the characteristic 
which depends on a change in the temperature. This 
contributes to accurate measurement of the flow rate. 
5 Since the thermopile itself does not generate heat, cor- 
rection is not required. Since the thermopile produces 
an output signal due to its own electromotive force, it 
does not consume the power. 

[0101] In accordance with the thermal fluid sensor 
10 according to this invention , the side temperature sensor 
is a collector. Therefore, the high response speed and 
sensitivity to the temperature detected signal can be 
provided so that the flow rate can be measured at a high 
speed. Since the collector produces an output signal 
15 due to its own electromotive force, it does not consume 
the power. 

[0102] In accordance with the fluid discriminating 
apparatus according to this invention, a fluid property 
computes the property of the object fluid on the basis of 

20 the temperature detected signal supplied from the side 
temperature sensor in the thermal fluid sensor. The fluid 
property can be used to con-ect the output from the flow 
rate sensor which varies according to the kind or com- 
position of the object fluid, or to decide that the kind or 

25 composition of the object fluid flowing through the flow 
path has changed. 

[0103] In accordance with the fluid discriminating 
apparatus according to this invention, a reference value 
storage means stores a plurality of kinds of reference 

30 values of the temperature detected signal supplied from 
the side temperature sensor within the thermal fluid 
sensor, the reference values corresponding to flow rates 
of the object fluid flowing through the flow path. The ref- 
erence value inferring means infers a single reference 

35 value corresponding to the flow rate of the object fluid 
measured by the flow rate measuring means from the 
plurality of kinds of reference values stored in the refer- 
ence value storage means. The temperature detected 
signal ratio computing means for computing a ratio of 

40 the reference value inferred by the reference value infer- 
ring means to the temperature detected signal supplied 
from the side temperature sensor. Therefore, the fluid 
property computing means can easily compute the 
property of the object fluid on the basis of the ratio com- 

45 puted by the temperature detected signal ratio comput- 
ing means, 

[0104] In accordance with the fluid discriminating 
apparatus according to this invention, the fluid property 
computing means multiplies the flow rate or Its square 

50 root of the object fluid flowing through the flow path 
measured by the flow rate measuring means by the 
temperature detected signal supplied from the side tem- 
perature sensor in the thermal fluid sensor. In this con- 
figuration, the fluid property computing means can 

55 easily compute the property of the object fluid flowing 
through the flow path. 

[0105] In accordance with the fluid discriminating 
apparatus according to this invention, the kind of the 
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object fluid discriminated by the kind discriminating 
means is used to correct the output from the flow rate 

sensor and discriminate a change in the kind or the 
composition of the fluid flowing through the flow path, 
[0106] In accordance with the fluid discriminating 
apparatus according to this invention, reference range 
data storage means stores data of a plurality of kinds of 
reference ranges of the temperature detected signal 
corresponding to the flow rates of the object fluid flowing 
through the flow path, the reference ranges being differ- 
ent according to the kinds of the object fluid and corre- 
lated with the kinds. The reference range data infemng 
means infers a single reference range data correspond- 
ing to the flow rate of the object fluid from data of the 
plurality of reference ranges stored in the reference 
range data storage means. The pertinent reference 
range determining means determines the reference 
range correlated with the object fluid to which the tem- 
perature detected signal belongs. On the basis of the 
reference range thus determined, the kind of the object 
fluid flowing through the flow path can be easily discrim- 
inated. The kind of the object fluid thus discriminated is 
used to correct the output from the flow rate sensor and 
discriminate a change in the kind or the composition of 
the fluid flowing through the flow path. 
[0107] In accordance with the fluid discriminating 
method of discriminating the object fluid, in a fluid-prop- 
erty computing step, the property of the object fluid is 
computed on the basis of the temperature detected sig- 
nal supplied from the side temperature sensor in the 
thermal fluid sensor. The property of the object fluid 
thus computed is used to correct the output from the 
flow rate sensor which varies according to the kind and 
composition of the object fluid and to discriminate a 
change in the kind or the composition of the fluid flowing 
through the flow path. 

[0108] In accordance with the fluid discriminating 
method, in the fluid kind discriminating step, the kind of 
the object fluid is discriminated on the basis of the prop- 
erty of the object fluid. The kind of the fluid thus crimi- 
nated can be used to correct the output from the flow 
rate sensor which varies according to the kind and com- 
position of the object fluid, 

[0109] In accordance with the fluid discriminating 
method according to this invention, in the reference 
value inferring step, a single reference value conre- 
sponding to the flow rate of the object fluid measured in 
the flow rate measuring step is inferred from a plurality 
of kinds of reference values of the temperature detected 
signal supplied from the side temperature sensor within 
the thermal fluid sensor, the reference values corre- 
sponding to flow rates of the object fluid flowing through 
the flow path. In the temperature detected signal ratio 
computing step, a ratio of the reference value inferred 
by the reference value inferring means to the tempera- 
ture detected signal supplied from the side temperature 
sensor Is computed. In the fluid property computing 
step, the property of the object fluid can be easily com- 


puted on the basis of the ratio thus computed. 
[0110] In accordance with the fluid discriminating 
method according to this invention, in the fluid property 
computing step, the flow rate or its square root of the 

5 object fluid flowing through the flow path measured by 
the flow rate measuring means is multiplied by the tem- 
perature detected signal supplied from the side temper- 
ature sensor in the thermal fluid sensor, thereby easily 
acquiring the property of the object fluid. 

70 [0111] In accordance with the fluid discriminating 
method according to this invention, in the flow rate 
measuring step, the flow rate of the object fluid flowing 
through the fluid path is measured; in the reference 
range data inferring step, a single reference range data 

15 corresponding to the flow rate of the object fluid is 
inferred from a group of data of a plurality of prescribed 
reference ranges of the temperature detected signal 
corresponding to the flow rates of the object fluid flowing 
through the flow path, the reference ranges being differ- 

20 ent according to the kinds of the object fluid and corre- 
lated with the kinds; in the pertinent reference range 
determining step, the reference range correlated with 
the object fluid to which the temperature detected signal 
belongs is determined. On the basis of the reference 

25 range thus determined, the kind of the fluid flowing 
through the flow path can be easily discriminated. The 
kind of the object fluid thus discriminated can be used to 
correct the output from the flow rate sensor which varies 
according to the kind or composition of the fluid and dis- 

30 criminate a change in the kind or the composition of the 
fluid flowing through the flow path. 
[0112] In accordance with the flow rate measuring 
apparatus according to this invention, on the basis of 
the temperature detected signal from the side tempera- 

35 ture sensor in the thermal fluid sensor, the flow rate of 
the fluid measured by the flow rate measuring means is 
corrected by the flow rate correcting means. Therefore, 
the flow rate of the object fluid can be measured accu- 
rately according to the kind or composition of the object 

40 fluid. 

[0113] In accordance with the flow rate measuring 
apparatus according to this invention, the flow rate 
measuring means provides an output signal having a 
value corresponding to the measured flow rate of the 

45 object fluid flowing through the flow path, and the flow 
rate correcting means produces a flow rate detected 
signal when the output signal is divided by the tempera- 
ture detected signal. Therefore, the flow rate measured 
by the flow rate measuring means can be easily cor- 

50 reeled. 

[0114] In accordance with the flow rate measuring 
apparatus according to this invention, the flow rate of 
the object fluid flowing through the flow path is meas- 
ured; whether the flow rate of the fluid measured by the 
55 flow rate measuring means is in a high flow rate state or 
a low flow rate is decided; an output signal from the flow 
rate measuring means is produced as a flow rate 
detected signal as it is if the flow rate is decided to be in 
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the low flow rate state, and another output signal when 
the output signal from the flow rate measuring means is 
divided by the temperature detected signal from the 
side temperature sensor is produced if the flow rate is 
decided to be in the high flow rate state. In this way. the 5 
flow rate of the fluid can be measured accurately in a 
wider range. 

[0115] In accordance with the flow rate measuring 
apparatus according to this invention; a single parame- 
ter is selected from the plurality of kinds of parameters 
stored in the parameter storage means on the basis of 
the property of the object fluid computed by the fluid 
property computing means, and the flow rate converted 
from the output signal from the flow rate measuring 
means using the single parameter selected by the 
selecting means is taken as the measured value of the 
flow rate of the object fluid flowing through the flow path. 
Therefore, the flow rate of the fluid can be measured 
accurately according to the kind or composition which 
defines the property of the object fluid. 
[0116] In accordance with the flow rate measuring 
method according to this invention, on the basis of the 
temperature detected signal from the side temperature 
sensor in the thermal fluid sensor, the flow rate of the 
fluid measured in the flow rate measuring step is cor- 
rected in the flow rate correcting step. Therefore, the 
flow rate of the object fluid can be measured accurately 
according to the kind or composition of the object fluid. 
[0117] In accordance with the flow rate measuring 
method according to this invention, the flow rale meas- 
uring step provides an output signal having a value cor- 
responding to the measured flow rate of the object fluid 
flowing through the flow path, and the flow rate correct- 
ing step produces a flow rate detected signal when the 
output signal is divided by the temperature detected sig- 
nal. Therefore, the flow rate measured by the flow rate 
measuring step can be easily corrected. 
[0118] In accordance with the flow rate measuring 
method according to this invention, the flow rate of the 
object fluid flowing through the flow path is measured; 
whether the flow rate of the fluid measured in the flow 
rate measuring step is in a high flow rate state or a low 
flow rate is decided; an output signal acquired in the 
flow rate measuring step is produced as a flow rate 
detected signal as it is If the flow rate is decided to be in 
the low flow rate state, and another output signal when 
the output signal from the flow rate measuring step Is 
divided by the temperature detected signal from the 
side temperature sensor is produced if the flow rate is 
decided to be in the high flow rate state. In this way, the 
flow rate of the fluid can be measured accurately in a 
wider range. 

[0119] In accordance with the flow rate measuring 
method according to this invention; a single parameter 
is selected from the plurality of kinds of prescribed 
parameters on the basis of the property of the object 
fluid computed by the fluid property computing step, and 
the flow rate converted from the output signal from the 


flow rate measuring step using the single parameter 
selected in the selecting step is taken as the measured 
value of the flow rate of the object fluid flowing through 
the flow path. Therefore, the flow rate of the fluid can be 
measured accurately according to the kind or composi- 
tion which defines the property of the object fluid. 
[0120] In accordance with the flow sensor accord- 
ing to this invention, a heater supported by a supporting 
board heats an object fluid flowing through a flow path 
by a driving cun^ent externally supplied. Simultaneously 
the upstream temperature sensor arranged upstream of 
the object fluid with respect to the heater detects the 
temperature of the object fluid so that a first temperature 
detected signal is produced. The downstream tempera- 
ture sensor arranged downstream of the object fluid 
with respect to the heater also detects the temperature 
of the object fluid so that a second temperature 
detected signal is produced. The side temperature sen- 
sor arranged in a direction orthogonal to the flow direc- 
tion of the object fluid with respect to the heater to 
detect the temperature of the object fluid so that a third 
temperature detected signal is produced. Therefore, the 
property of the fluid can be computed on the basis of the 
third temperature detected signal. 
[0121] In accordance with the flow sensor accord- 
ing to this invention, two side temperature sensors are 
arranged on both sides of the heater in a direction 
orthogonal to the flow direction of the object fluid. 
Therefore, even when there is a variation in the flow of 
the object fluid in the flow path in a direction orthogonal 
to the flow direction, the property of the fluid can be 
accurately computed on the basis of the third tempera- 
ture detected signals from both side temperature sen- 
sors. 

[0122] In accordance with the flow sensor accord- 
ing to this invention, the heater, the upstream tempera- 
ture sensor, the downstream temperature sensor and 
the side temperature sensor are formed on the dia- 
phragm. The thermal capacity of the heater and temper- 
ature sensors can be decreased to reduce power 
consumption. 

[0123] In accordance with the flow sensor accord- 
ing to this invention, the upstream temperature sensor 
and the downstream temperature sensors are a thermo- 
pile, respectively Therefore, the difference signal 
between the first and the second temperature detected 
signal provides a small change In the characteristic 
which depends on a change in the temperature. This 
contributes to accurate measurement of the flow rate. 
Since the thermopile itself does not generate heat, cor- 
rection is not required. Since the thermopile produces 
an output signal due to its own electromotive force, It 
does not consume the power. 
[0124] In accordance with the flow sensor accord- 
ing to this invention, the upstream sensor and the down- 
stream sensors are a collector, respectively Therefore, 
the high response speed and sensitivity to the tempera- 
ture detected signal can be provide so that the flow rate 
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can be measured at a high speed. Since the collector 
produces an output signal due to Its own electromotive 
force, it does not consume the power. 
[0125] In accordance with the flow sensor accord- 
ing to this invention, since the side temperature sensor 
Is a thermopile, 

[0126] Therefore, the third temperature detected 
signal provides a small change in the characteristic 
which depends on a change In the temperature. This 
contributes to accurate measurement of the flow rate. 
Since the thermopile itself does not generate heat, cor- 
rection is not required. Since the thermopile produces 
an output signal due to its own electromotive force, it 
does not consume the power. 
[0127] In accordance with the flow sensor accord- 
ing to this invention, the side temperature sensor is a 
collector, respectively. Therefore, the high response 
speed and sensitivity to the third temperature detected 
signal can be provide so that the flow rate can be meas- 
ured at a high speed. Since the collector produces an 
output signal due to its own electromotive force, it does 
not consume the power. 

[0128] In accordance with the fluid discriminating 
apparatus according to this invention, the flow rate 
measuring means measures a flow rate of the object 
fluid on the basis of a difference signal between the first 
temperature detected signal supplied from the 
upstream temperature sensor and the second tempera- 
ture detected signal supplied from the downstream tem- 
perature sensor: reference value storage means stores 
a plurality of kinds of reference values of the third tem- 
perature detected signal supplied from the side temper- 
ature sensor within the flow sensor, the reference 
values corresponding to flow rates of the object fluid 
flowing through the flow path; reference value inferring 
means infers a single reference value corresponding to 
the flow rate of the object fluid measured by the flow rate 
measuring means from the plurality of kinds of refer- 
ence values stored in the reference value storage 
means; and temperature detected signal ratio comput- 
ing means for computing a ratio of the reference value 
inferred by the reference value inferring means to the 
third temperature detected signal supplied from the side 
temperature sensor. Thus, the fluid property computing 
means can easily compute the property of the object 
fluid on the basis of the ratio computed by the tempera- 
ture detected signal ratio computing means. The prop- 
erty of the object fluid thus discriminated can be used to 
correct the output from the flow rate sensor which varies 
according to the kind or composition of the fluid and dis- 
criminate a change in the kind or the composition of the 
fluid flowing through the flow path. 
[0129] In accordance with the fluid discriminating 
apparatus according to this invention, flow rate measur- 
ing means measures a flow rate of the object fluid on 
the basis of a difference signal between the first temper- 
ature detected signal supplied from the upstream tem- 
perature sensor and the second temperature detected 


signal supplied from the downstream temperature sen- 
sor; and fluid property computing means multiplies the 
flow rate or its square root of the object fluid flowing 
through the flow path measured by the flow rate meas- 

5 uring means by the third temperature detected signal 
supplied from the side temperature sensor in the flow 
sensor, thereby acquiring the property of the object 
fluid. The property of the object fluid thus computed can 
be used to correct the output from the flow rate sensor 

10 which varies according to the kind or composition of the 
fluid and discriminate a change in the kind or the com- 
position of the fluid flowing through the flow path. 
[0130] In accordance with the fluid discriminating 
apparatus according to this invention, fluid kind discrim- 

15 inating means discriminates the kind of the object fluid 
on the basis of the property of the object fluid. The kind 
of the object fluid thus discriminated can be used to cor- 
rect the output from the flow rate sensor which varies 
according to the kind or composition of the fluid. 

20 [0131] In accordance with the fluid discriminating 
apparatus according to this invention, the flow rate 
measuring means measures a flow rate of the object 
fluid on the basis of a difference signal between the first 
temperature detected signal supplied from the 

25 upstream temperature sensor and the second tempera- 
ture detected signal supplied from the downstream tem- 
perature sensor; and reference range data inferring 
means infers a single reference range data correspond- 
ing to the flow rate of the object fluid from data of the 

30 plurality of reference ranges of the third temperature 
detected signal corresponding to flow rates of the object 
fluid flowing through the flow path, the reference ranges 
being different according to the kinds of the object fluid 
and correlated with the kinds; and the pertinent refer- 

35 ence range determining means determines the refer- 
ence range correlated with the object fluid to which the 
third temperature detected signal belongs. In this case, 
the kind of the object fluid can be easily discriminated 
on the basis of the reference range thus determined. 

40 The kind of the object fluid thus discriminated can be 
used to correct the output from the flow rate sensor 
which varies according to the kind or composition of the 
fluid and discriminate a change in the kind or the com- 
position of the fluid flowing through the flow path. 

45 [0132] In accordance with the fluid discriminating 
method, in the flow rate measuring step, a flow rate of 
the object fluid is measured on the basis of a difference 
signal between the first temperature detected signal 
supplied from the upstream temperature sensor and the 

50 second temperature detected signal supplied from the 
downstream temperature sensor; in the reference value 
storage step, a plurality of kinds of reference values of 
the third temperature detected signal supplied from the 
side temperature sensor within the flow sensor are 

55 stored, the reference values corresponding to flow rates 
of the object fluid flowing through the flow path; in the 
reference value inferring step, a single reference value 
corresponding to the flow rate of the object fluid meas- 
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ured by the flow rate measuring means is inferred from 
the plurality of kinds of reference values stored in the 
reference value storage means; and in the temperature 
detected signal ratio computing step, a ratio of the refer- 
ence value Inferred in the reference value inferring step 5 
to the third temperature detected signal supplied from 
the side temperature sensor is computed; and in the 
fluid property computing step, the property of the object 
fluid is computed on the basis of the ratio thus com- 
puted. In this case, the property of the object fluid thus 
computed can be used to correct the output from the 
flow rate sensor which varies according to the kind or 
composition of the fluid and discriminate a change in 
the kind or the composition of the fluid flowing through 
the flow path. 

[0133] In accordance with the fluid discriminating 
method according to this invention, in the flow rate 
measuring step, a flow rale of the object fluid is com- 
puted on the basis of a difference signal between the 
first temperature detected signal supplied from the 
upstream temperature sensor and the second tempera- 
ture detected signal supplied from the downstream tem- 
perature sensor; and in the fluid property computing 
step, the flow rate or its square root of the object fluid 
flowing through the flow path measured by the flow rate 
measuring means is multiplied by the temperature 
detected signal supplied from the side temperature sen- 
sor in the flow sensor, thereby acquiring the property of 
the object fluid. In this case, the property of the object 
fluid thus acquired can be used to correct the output 
from the flow rate sensor which varies according to the 
kind or composition of the fluid and discriminate a 
change in the kind or the composition of the fluid flowing 
through the flow path. 

[0134] In accordance with the fluid discriminating 
method, in the fluid kind discriminating step, the kind of 
the object fluid is discriminated on the basis of the prop- 
erty of the object fluid. The kind of the object fluid thus 
computed can be used to correct the output from the 
flow rate sensor which varies according to the kind or 
composition of the object fluid. 
[0135] In accordance with the fluid discriminating 
method according to this invention, in the flow rate 
measuring step, a flow rate of the object fluid is meas- 
ured on the basis of a difference signal between the first 
temperature detected signal supplied from the 
upstream temperature sensor and the second tempera- 
ture detected signal supplied from the downstream tem- 
perature sensor; and in the reference range data 
infen^ing step, a single reference range data corre- 
sponding to the flow rate of the object fluid is inferred 
from data of a plurality kinds of reference ranges the 
third temperature detected signal corresponding flow 
rates of the object fluid flowing through the flow path, 
the reference ranges being different according to the 
kinds of the object fluid and correlated with the kinds; 
and in the pertinent reference range determining step, 
the reference range correlated with the object fluid to 


which the third temperature detected signal belongs is 
determined. In this case, the kind of the object fluid can 
be easily discriminated on the basis of the reference 
range thus determined. The kind of the object fluid thus 
discriminated can be used to correct the output from the 
flow rate sensor which varies according to the kind or 
composition of the fluid and discriminate a change in 
the kind or the composition of the fluid flowing through 
the flow path. 

[0136] In accordance with the flow rate measuring 
apparatus, the flow rate computing means computes a 
flow rate of the object fluid on the basis of a difference 
signal b)etween the first temperature detected signal 
supplied from the upstream temperature sensor and the 
second temperature detected signal supplied from the 
downstream temperature sensor; and the fluid property 
computing means computes the property of the object 
fluid on the basis of the third temperature detected sig- 
nal supplied from the side temperature sensor with the 
flow sensor; and flow rate correcting means corrects the 
flow rate of the object fluid computed by the flow rate 
computing means on the basis of the property of the 
object fluid computed by the fluid property computing 
means. This permits the flow rate to be measured accu- 
rately even when the kind or composition of the fluid is 
changed. 

[0137] In accordance with the flow rate measuring 

apparatus according to this invention, the flow rate cor- 
recting means produces a flow rate detected signal 
when the difference signal is divided by the third tem- 
perature detected signal. This permits the flow rate 
measured by the flow rate measuring means to be eas- 
ily corrected. 

[0138] In accordance with the flow rate measuring 
apparatus, the flow rate computing means computes a 
flow rate of the object fluid on the basis of a difference 
signal between the first temperature detected signal 
supplied from the upstream temperature sensor and the 
second temperature detected signal supplied from the 
downstream temperature sensor; and deciding means 
decides whether the flow rate of the fluid measured by 
the flow rate measuring means is in a high flow rate 
state or a low flow rate; and flow rate outputting means 
outputs an output signal from the flow rate measuring 
means as a flow rate detected signal as it is if the flow 
rate is decided to be in the low flow rate state, and 
another output signal when the output signal from the 
flow rate measuring means is divided by the third tem- 
perature detected signal from the side temperature sen- 
sor if the flow rate is decided to be in the high flow rate 
state. In this way, the flow rate of the fluid can be meas- 
ured accurately in a wider range. 
[0139] In accordance .with the flow rate measuring 
apparatus according to this invention, a single parame- 
ter is selected from the plurality of kinds of parameters 
stored in the parameter storage means on the basis of 
the property of the object fluid computed by the fluid 
property computing means, and the flow rate converted 
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from the output signal from the flow rate computing 
means using the single parameter selected by the 
selecting means is taken as the measured value of the 
flow rate of the object fluid flowing through the flow path. 
Therefore, the flow rate of the fluid can be measured 
accurately according to the kind or composition which 
defines the property of the object fluid. 
[0140] In accordance with the flow rate measuring 
method, in the flow rate computing step, a flow rate of 
the object fluid is computed on the basis of a difference 
signal between the first temperature detected signal 
supplied from the upstream temperature sensor and the 
second temperature detected signal supplied from the 
downstream temperature sensor; and in the fluid prop- 
erty computing step, the property of the object fluid is 
computed on the basis of the third temperature detected 
signal supplied from the side temperature sensor with 
the flow sensor; and in the flow rale correcting step, the 
flow rate of the object fluid computed in the flow rate 
computing step is connected on the basis of the property 
of the object fluid computed in the fluid property com- 
puting step. This permits the flow rate to be measured 
accurately even when the kind or composition of the 
fluid is changed. 

[0141] In accordance with the flow rate measuring 
method according to this invention, in the flow rate cor- 
recting step, a flow rate detected signal when the differ- 
ence signal is divided by the third temperature detected 
signal is produced. This permits the flow rate measured 
by the flow rate measuring step to be easily corrected, 
[0142] In accordance with the flow rate measuring 
method, in the flow rate computing step, the flow rate of 
the object fluid is computed on the basis of a difference 
signal between the first temperature detected signal 
supplied from the upstream temperature sensor and the 
second temperature detected signal supplied from the 
downstream temperature sensor; and in the deciding 
step, it is decided whether the flow rate of the fluid 
measured in the flow rate measuring step is in a high 
flow rate state or a low flow rate; and in the flow rate out- 
putting step, outputted are an output signal acquired in 
the flow rate measuring step as a flow rate detected sig- 
nal as it is If the flow rate is decided to be in the low flow 
rate state, and another output signal when the output 
signal from the flow rate measuring step is divided by 
the third temperature detected signal from the side tem- 
perature sensor if the flow rate is decided to be in the 
high flow rate state. In this way, the flow rate of the fluid 
can be measured accurately in a wider range. 
[0143] In accordance with the flow rate measuring 
method according to this invention, a single parameter 
is selected from the plurality of kinds of parameters 
stored in the parameter storage step on the basis of the 
property of the object fluid computed by the fluid prop- 
erty computing step, and the flow rate converted from 
the output signal from the flow rate computing step 
using the single parameter selected by the selecting 
step is taken as the measured value of the flow rate of 


the object fluid flowing through the flow path. Therefore, 
the flow rate of the fluid can be measured accurately 
according to the kind or composition which defines the 
property of the object fluid. 

5 

Claims 

1. A thermal fluid sensor comprising: 

10 a heater for heating an object fluid for measure- 

ment flowing through a flow path by a driving 
current externally supplied; 
a side temperature sensor arranged in a direc- 
tion orthogonal to the flow direction of the 

15 object fluid with respect to the heater to detect 

the temperature of the object fluid so that a 
temperature detected signal is produced; and 
a supporting board for supporting the heater 
and the side temperature sensor. 

20 

2. A thermal fluid sensor according to claim 1 . wherein 
two side temperature sensors are arranged on both 

sides of the heater in a direction orthogonal to the 
flow direction of the object fluid. 

25 

3. A thermal fluid sensor according to claim 1 , wherein 
the supporting board has a diaphragm whose 
periphery is fixed, and the heater and the side tem- 
perature sensor are formed on the diaphragm. 

30 

4. A thermal fluid sensor according to claim 1 . wherein 
the side temperature sensor is a thermopile. 

5. A thermal fluid sensor according to claim 1 , wherein 
35 the side temperature sensor is a collector. 

6. A fluid discriminating apparatus for discriminating 
the kind of the object fluid using the thermal fluid 
sensor set force in claim 1 . comprising: 

40 

fluid property computing means for computing 
the property of the object fluid on the basis of 
the temperature detected signal supplied from 
the side temperature sensor in the thermal fluid 
45 sensor. 

7. A fluid discriminating apparatus according to claim 
6, comprising: 

50 flow rate measuring means for measuring a 

flow rate of the object fluid flowing through the 
flow path; 

reference value storage means for storing a 
plurality of kinds of reference values of the tem- 
55 perature detected signal supplied from the side 

temperature sensor within the thermal fluid 
sensor, the reference values corresponding to 
flow rates of the object fluid flowing through the 
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flow path; 

reference value inferring means for inferring a 
single reference value corresponding to the 
flow rate of the object fluid measured by the 
flow rate measuring means from the plurality of 
kinds of reference values stored in the refer- 
ence value storage means; and 
temperature detected signal ratio computing 
means for computing a ratio of the reference 
value Inferred by the reference value inferring 
means to the temperature detected signal sup- 
plied from the side temperature sensor, 

wherein the fluid property computing 
means computes the property of the object 
fluid on the basis of the ratio computed by the 
temperature detected signal ratio computing 
means. 

8. A fluid discriminating apparatus according to claim 
6, wherein the fluid property computing means mul- 
tiplies the flow rate or its square root of the object 
fluid flowing through the flow path measured by the 
flow rate measuring means by the temperature 
detected signal supplied from the side temperature 
sensor in the thermal fluid sensor, thereby acquir- 
ing the property of the object fluid. 

9. A fluid discriminating apparatus according to claim 
6, further comprising: fluid kind discriminating 
means for discriminating the kind of the object fluid 
on the basis of the property of the object fluid. 

10. A fluid discriminating apparatus for discriminating 
the kind of the object fluid using the thermal fluid 
sensor set forth In claim 1 , comprising: 

flow rate measuring means for measuring the 
flow rate of the object fluid flowing through the 
fluid path; 

reference range data storage means for storing 
data of a plurality of kinds of reference ranges 
of the temperature detected signal correspond- 
ing to the flow rates of the object fluid flowing 
through the flow path, the reference ranges 
being different according to the kinds of the 
object fluid and correlated with the kinds; 
reference range data inferring means for infer- 
ring a single reference range data correspond- 
ing to the flow rate of the object fluid from data 
of the plurality of reference ranges stored In the 
reference range data storage means; 
pertinent reference range determining means 
for determining the reference range correlated 
with the object fluid to which the temperature 
detected signal belongs, 

wherein it is determined that the object 
fluid con-elated with the reference range thus 
determined is the object fluid flowing through 


36 

the flow path. 

11. A fluid discriminating method of discriminating the 
object fluid using the thermal fluid sensor set forth 

5 in claim 1 . comprising: 

fluid-property computing step of computing the 
property of the object fluid on the basis of the 
temperature detected signal supplied from the 
10 side temperature sensor in the thermal fluid 

sensor. 

12. A fluid discriminating method according to claim 1 1 , 
further comprising: fluid kind discriminating step of 

15 discriminating the kind of the object fluid on the 
basis of the property of the object fluid. 

13. A fluid discriminating method according to claim 1 1 
comprising: 

20 

flow rate measuring step of measuring a flow 
rate of the I object fluid flowing through the flow 
path; 

25 reference value inferring step of inferring a sin- 

gle reference value corresponding to the flow 
rate of the object fluid measured in the flow rate 
measuring step from a plurality of kinds of ref* 
erence values of the temperature detected sig- 
30 nal supplied from the side temperature sensor 

within the thermal fluid sensor, the reference 
values corresponding to flow rates of the object 
fluid flowing through the flow path; 

35 temperature detected signal ratio computing 

step of computing a ratio of the reference value 
inferred by the reference value infen^ing means 
to the temperature detected signal supplied 
from the side temperature sensor, 
40 wherein the fluid property computing 

step computes the property of the object fluid 
on the basis of the ratio computed in the tem- 
perature detected signal ratio computing step. 

45 14. A fluid discriminating method according to claim 1 1 , 
wherein the fluid property computing step multiplies 
the flow rate or Its square root of the object fluid 
flowing through the flow path measured by the flow 
rate measuring means by the temperature detected 
50 signal supplied from the side temperature sensor in 
the thermal fluid sensor, thereby acquiring the prop- 
erty of the object fluid. 

15. A fluid discriminating method for discriminating the 
55 kind of the object fluid using the thermal fluid sen- 
sor set forth in claim 1, comprising: 

flow rate measuring step of measuring the flow 
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rate of the object fluid flowing through the fluid 
path; 

reference range data infismng step of inferring 
a single reference range data corresponding to 
the flow rate of the object fluid from a group of 
data of a plurality of prescribed reference 
ranges of the temperature detected signal cor- 
responding to the flow rates of the object fluid 
flowing through the flow path, the reference 
ranges being different according to the kinds of 
the object fluid and correlated with the kinds: 
pertinent reference range determining step of 
determining the reference range correlated 
with the object fluid to which the temperature 
detected signal belongs, 

wherein it is determined that the object 
fluid correlated with the reference range thus 
determined is the object fluid flowing through 
the flow path. 

16. A flow rate measuring apparatus for measuring the 
flow rate of the object fluid flowing through the flow 
path using the thermal fluid sensor set forth In claim 
1 , comprising: 

flow rate measuring means for measuring the 
flow rate of the object fluid flowing through the 
flow path; and 

flow rate correcting means for correcting the 
flow rate of the fluid measured by the flow rate 
measuring means. 

17. A flow rate measuring apparatus according to claim 
16, wherein the flow rate measuring means pro- 
vides an output signal having a value correspond- 
ing to the measured flow rate of the object fluid 
flowing through the flow path, and the flow rate cor- 
recting means produces a flow rate detected signal 
when the output signal is divided by the tempera- 
ture detected signal, thereby correcting the flow 
rate measured by the flow rate measuring means. 

18. A flow rate measuring apparatus for measuring the 
flow rate of the object fluid flowing through the flow 
path using the thermal fluid sensor set forth In claim 
1, comprising: 

flow rate measuring means for measuring the 
flow rate of the object fluid flowing through the 
flow path; 

deciding means for deciding whether the flow 
rate of the fluid measured by the flow rate 
measuring means is in a high flow rate state or 
a low flow rate; 

flow rate outputting means for outputting an 
output signal from the flow rate measuring 
means as a flow rate detected signal as it is if 
the flow rate is decided to be in the low flow rate 


state, and another output signal when the out- 
put signal from the flow rate measuring means 
is divided by the temperature detected signal 
from the side temperature sensor if the flow 
5 rate is decided to be in the high flow rate state. 

19. A flow rate measuring apparatus for measuring the 
flow rate of the object fluid flowing through the flow 
path using the thermal fluid sensor set forth in claim 

10 1. 

flow rate measuring means for measuring the 
flow rate of the fluid flowing through the flow 
path and producing an output signal having a 
15 value corresponding to the flow rate thus meas- 

ured; 

fluid property computing means for computing 
the property of the object fluid on the basis of 
the temperature detected signal supplied from 
20 the side temperature sensor in the thermal fluid 

sensor; 

parameter storage means storing a plurality of 
kinds of parameters each for converting the 
output signal from the flow rate measuring 

25 means into a flow rate; and 

selecting means for selecting a single parame- 
ter of the plurality of kinds of parameters stored 
in the parameter storage means on the basis of 
the property of the object fluid computed by the 

30 fluid property computing means, wherein 

the flow rate converted from the output signal 
from the flow rate measuring means using the 
single parameter selected by the selecting 
means is taken as the measured value of the 

35 flow rate of the object fluid flowing through the 

flow path. 

20. A flow rate measuring method for measuring the 
flow rate of the object fluid flowing through the flow 

40 path using the thermal fluid sensor set forth in claim 
1, comprising: 

flow rate measuring step of measuring the flow 
rate of the object fluid flowing through the flow 
45 path; and 

flow rate correcting step of correcting the flow 
rate of the fluid measured by the flow rate 
measuring means. 

50 21. A flow rate measuring method according to claim 
20, wherein the flow rate measuring step provides 
an output signal having a value corresponding to 
the measured flow rate of the object fluid flowing 
through the flow path, and the flow rate correcting 

55 step produces a flow rate detected signal when the 
output signal is divided by the temperature detected 
signal, thereby correcting the flow rate measured by 
the flow rate measuring step. 


20 


39 


EP 1 094 306 A1 


40 


22. A flow rale measuring method for measuring the 
flow rate of the object fluid flowing through the flow 
path using the thermal fluid sensor set forth In claim 
1 , comprising: 

flow rate measuring step of measuring the flow 
rate of the object fluid flowing through the flow 
path; 

deciding step of deciding whether the flow rate 
of the fluid measured by the flow rate measur> 
ing means is In a high flow rate state or a low 
flow rate; 

flow rate outputting step of outputting an output 
signal acquired in the flow rate measuring step 
as a flow rate detected signal as It is if the flow 
rate is decided to be in the low flow rate state, 
and another output signal when the output sig- 
nal acquired in the flow rate measuring step is 
divided by the temperature detected signal 
from the side temperature sensor if the flow 
rate is decided to be in the high flow rate state. 

23. A flow rate measuring method for measuring the 
flow rate of the object fluid flowing through the flow 
path using the thermal fluid sensor set forth in claim 
1, 

flow rate measuring step of measuring the flow 
rate of the fluid flowing through the flow path 
and producing an output signal having a value 
corresponding to the flow rate thus measured; 
fluid property computing step of computing the 
property of the object fluid on the basis of the 
temperature detected signal supplied from the 
side temperature sensor In the thermal fluid 
sensor; 

selecting means for selecting a single parame- 
ter of the plurality of kinds of prescribed param- 
eters on the basis of the property of the object 
fluid computed in the fluid property computing 
step, the plurality of kinds of parameters each 
for converting the output signal from the flow 
rate measuring means into a flow rate, 

wherein the flow rate converted from the 
output signal from the flow rate measuring 
means using the single parameter selected in 
the selecting step is taken as the- measured 
value of the flow rate of the object fluid flowing 
through the flow path. 

24. A flow sensor comprising: 

a heater for heating an object fluid for measure- 
ment flowing through a flow path by a driving 

current externally supplied; 
an upstream temperature sensor an'anged 
upstream of the object fluid with respect to the 
heater to detect the temperature of the object 


fluid so that a first temperature detected signal 

is produced; 

a downstream temperature sensor arranged 
downstream of the object fluid with respect to 

5 the heater to detect the temperature of the 

object fluid so that a second temperature 
detected signal is produced; 
a side temperature sensor arranged in a direc- 
tion orthogonal to the flow direction of the 

10 object fluid with respect to the heater to detect 

the temperature of the object fluid so that a 
third temperature detected signal is produced; 
and 

a supporting board for supporting the heater, 
15 the upstream sensor, the downstream sensor 

and the side temperature sensor. 

25. A flow sensor according to claim 24. wherein two 
side temperature sensors are arranged on both 

20 sides of the heater in a direction orthogonal to the 
flow direction of the object fluid. 

26. A flow sensor according to claim 24, wherein the 
supporting board has a diaphragm whose periph- 

25 ery is fixed, and the heater, the upstream tempera- 
ture sensor, the downstream temperature sensor 
and the side temperature sensor are formed on the 
diaphragm. 

30 27. A flow sensor according to claim 24, wherein the 
upstream sensor and the downstream temperature 
sensors are a thermopile, respectively. 

28. A flow sensor according to claim 24, wherein the 
35 upstream temperature sensor and the downstream 

temperature sensors are a collector. 

29. A flow sensor according to claim 24, wherein the 
side temperature sensor is a thermopile. 

40 

30. A flow sensor according to claim 24, wherein the 
side temperature sensor is a collector. 

31. A fluid discriminating apparatus for discriminating 
45 the kind of the object fluid using the thermal fluid 

sensor set force in claim 24, 

flow rate measuring means for measuring a 
flow rate of the object fluid on the basis of a dif- 

50 ference signal between the first temperature 

detected signal supplied from the upstream 
temperature sensor and the second tempera- 
ture detected signal supplied from the down- 
stream temperature sensor; 

55 reference value storage means for storing a 

plurality of kinds of reference values of the third 
temperature detected signal supplied from the 
side temperature sensor within the flow sensor, 
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the reference values corresponding to flow 
rates of the object fluid flowing through the flow 
path; 

reference value Inferring means for inferring a 
single reference value corresponding to the 5 
flow rate of the object fluid measured by the 
flow rate measuring means from the plurality of 
kinds of reference values stored in the refer- 
ence value storage means; and 
temperature detected signal ratio computing io 
means for computing a ratio of the reference 
value inferred by the reference value inferring 
means to the third temperature detected signal 
supplied from the side temperature sensor, 

wherein the fluid property computing 15 
means computes the property of the object 
fluid on the basis of the ratio computed by the 
temperature detected signal ratio computing 
means. 


32. A fluid discriminating apparatus according to claim 
24. 

flow rate measuring means for measuring a 
flow rate of the object fluid on the basis of a dif- 
ference signal between the first temperature 
detected signal supplied from the upstream 
temperature sensor and the second tempera- 
lure detected signal supplied from the down- 
stream temperature sensor; and 
fluid property computing means for multiplying 
the flow rate or its square root of the object fluid 
flowing through the flow path measured by the 
flow rate measuring means by the temperature 
detected signal supplied from the side temper- 
ature sensor in the flow sensor, thereby acquir- 
ing the property of the object fluid. 

33. A fluid discriminating apparatus according to claim 
31, further comprising: fluid kind discriminating 
means for discriminating the kind of the object fluid 
on the basis of the property of the object fluid. 

34. A fluid discriminating apparatus for discriminating 
the kind of the object fluid using the flow sensor set 
forth in claim 24, comprising: 

flow rate measuring means for measuring a 
flow rate of the object fluid on the basis of a dif- 
ference signal between the first temperature 
detected signal supplied from the upstream 
temperature sensor and the second tempera- 
ture detected signal supplied from the down- 
stream temperature sensor; and 
reference range data storage means for storing 
data of a plurality of kinds of reference ranges 
of the third temperature detected signal corre- 
sponding flow rates of the object fluid flowing 


through the flow path, the reference ranges 
being different according to the kinds of the 
object fluid and correlated with the kinds; 
reference range data infemng means for infer- 
ring a single reference range data correspond- 
ing to the flow rate of the object fluid from data 
of the plurality of reference ranges stored in the 
reference range data storage means; 
pertinent reference range determining means 
for determining the reference range correlated 
with the object fluid to which the third tempera- 
ture detected signal belongs. 

wherein it is determined that the object 
fluid correlated with the reference range thus 
determined is the object fluid flowing through 
the flow path. 

35. A fluid discriminating method for discriminating the 
kind of the object fluid using the flow sensor set 

20 force in claim 24, 

flow rate measuring step of measuring a flow 
rate of the object fluid on the basis of a differ- 
ence signal between the first temperature 
25 detected signal supplied from the upstream 

temperature sensor and the second tempera- 
ture detected signal supplied from the down- 
stream temperature sensor; 
reference value storage step of storing a plural- 
30 ity of kinds of reference values of the third tem- 

perature detected signal supplied from the side 
temperature sensor within the flow sensor, the 
reference values corresponding to flow rates of 
the object fluid flowing through the flow path; 
35 reference value inferring step of inferring a sin- 

gle reference value corresponding to the flow 
rate of the object fluid measured by the flow 
rate measuring means from the plurality of 
kinds of reference values stored In the refer- 
40 ence value storage means; and 

temperature detected signal ratio computing 
step of computing a ratio of the reference value 
Inferred by the reference value Inferring means 
to the third temperature detected signal sup- 
45 plied from the side temperature sensor, 

wherein the fluid property computing 
means computes the property of the object 
fluid on the basis of the ratio computed by the 
temperature detected signal ratio computing 
50 means. 

36. A fluid discriminating method for discriminating the 
kind of the object fluid using the flow sensor set 
force in claim 24, 

55 

flow rate measuring step for computing a flow 
rate of the object fluid on the basis of a differ- 
ence signal between the first temperature 
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detected signal supplied from the upstream 
temperature sensor and the second tempera- 
ture detected signal supplied from the down- 
stream temperature sensor; and 
fluid property computing step of multiplying the 5 
flow rate or its square root of the object fluid 
flowing through the flow path measured by the 
flow rate measuring means by the temperature 
detected signal supplied from the side temper- 
ature sensor in the flow sensor, thereby acquir- io 
ing the property of the object fluid. 

37. A fluid discriminating method according to claim 35, 
further comprising: fluid kind discriminating step of 
discriminating the kind of the object fluid on the is 
basis of the property of the object fluid. 

38. A fluid discriminating method for discriminating the 
kind of the object fluid using the flow sensor set 
forth in claim 24, comprising: 20 

flow rate measuring step of measuring a flow 
rate of the object fluid on the l>asis of a differ- 
ence signal between the first temperature 
detected signal supplied from the upstream 25 
temperature sensor and the second tempera- 
ture detected signal supplied from the down- 
stream temperature sensor; and 
reference range data inferring step of inferring 
a single reference range data corresponding to 30 
the flow rate of the object fluid from data of a 
plurality kinds of reference ranges the third 
temperature detected signal corresponding 
flow rates of the object fluid flowing through the 
flow path, the reference ranges being different 35 
according to the kinds of the object fluid and 
con-elated with the kinds; 
pertinent reference range determining step of 
determining the reference range correlated 
with the object fluid to which the third tempera- 40 
ture detected signal belongs, 

wherein it is determined that the object 
fluid correlated with the reference range thus 
determined is the object fluid flowing through 
the flow path. 45 

39. A flow rate measuring apparatus for measuring the 
flow rate of the object fluid flowing through the flow 
path using the flow sensor set forth in claim 24, 
comprising: so 

flow rate computing means computing a flow 
rate of the object fluid on the basis of a differ- 
ence signal between the first temperature 
detected signal supplied from the upstream 55 
temperature sensor and the second tempera- 
ture detected signal supplied from the down- 
stream temperature sensor; and 


fluid property computing means for computing 
the property of the object fluid on the basis of 
the third temperature detected signal supplied 
from the side temperature sensor with the flow 
sensor; and 

flow rate correcting means for correcting the 
flow rate of the object fluid computed by the 
flow rate computing means on the basis of the 
property of the object fluid computed by the 
fluid property computing means. 

40. A flow rate measuring apparatus according to claim 
39, wherein the flow rate correcting means pro- 
duces a flow rate detected signal when the differ- 
ence signal is divided by the third temperature 
detected signal, thereby correcting the flow rate 
measured by the flow rate measuring means. 

41. A flow rate measuhng apparatus for measuring the 
flow rate of the object fluid flowing through the flow 
path using the flow sensor set forth in claim 24, 
comprising: 

flow rate computing means for computing a 
flow rate of the object fluid on the basis of a dif- 
ference signal between the first temperature 
detected signal supplied from the upstream 
temperature sensor and the second tempera- 
ture detected signal supplied from the down- 
stream temperature sensor; and 
deciding means for deciding whether the flow 
rate of the fluid measured by the flow rate 
measuring means is in a high flow rate state or 
a low flow rate; 

flow rate outputting means for outputting an 
output signal from the flow rate measuring 
means as a flow rate detected signal as it is if 
the flow rate is decided to be in the low flow rate 
state, and another output signal when the out- 
put signal from the flow rate measuring means 
is divided by the third temperature detected 
signal from the side temperature sensor if the 
flow rate is decided to be in the high flow rate 
state. 

42. A flow rate measuring apparatus for measuring the 
flow rate of the object fluid flowing through the flow 
path using the flow sensor set forth in claim 24, 
comprising: 

flow rate computing means for computing a 
flow rate of the object fluid on the basis of a dif- 
ference signal between the first temperature 
detected signal supplied from the upstream 
temperature sensor and the second tempera- 
ture detected signal supplied from the down- 
stream temperature sensor and producing an 
output signal having a value corresponding to 
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the flow rate thus computed: 

fluid property computing means for computing 

the property of the object fluid on the basis of 

the third temperature detected signal supplied 

from the side temperBture sensor in the flow 5 

sensor; 

parameter storage means storing a plurality of 
kinds of parameters each for converting the 
output signal from the flow rate computing 
means Into a flow rate; and io 
selecting means for selecting a single parame- 
ter of the plurality of kinds of parameters stored 
in the parameter storage means on the basis of 
the property of the object fluid computed by the 
fluid property computing means, wherein is 
the flow rate converted from the output signal 
from the flow rate measuring means using the 
single parameter selected by the selecting 
means is taken as the measured value of the 
flow rate of the object fluid flowing through the 20 
flow path. 

43. A flow rate measuring method for measuring the 
flow rate of the object fluid flowing through the flow 

path using the flow sensor set forth In claim 24, 25 46. 
comprising: 

flow rate computing step of computing a flow 
rate of the object fluid on the basis of a differ- 
ence signal between the first temperature 30 
detected signal supplied from the upstream 
temperature sensor and the second tempera- 
ture detected signal supplied from the down- , 
stream temperature sensor; and 
fluid property computing step of computing the 35 
property of the object fluid on the basis of the 
third temperature detected signal supplied from 
the side temperature sensor within the flow 
sensor; 

flow rate con-ecting step of correcting the flow 40 
rate of the object fluid computed by the flow 
rate computing means on the basis of the prop- 
erty of the object fluid computed in the fluid 
property computing step. 

45 

44. A flow rate measuring method according to claim 
43, wherein the flow rate computing step acquires 
the signal having a value corresponding to the com- 
puted flow rate of the object fluid and the flow rate 
correcting step produces a flow rate detected signal 50 
when the difference signal is divided by the third 
temperature detected signal. 

45. A flow rate measuring method for measuring the 
flow rate of the object fluid flowing through the flow 55 
path using the flow sensor set forth in claim 24, 
comprising: 


flow rate computing step for computing a flow 
rate of the object fluid on the basis of a differ- 
ence signal between the first temperature 
detected signal supplied from the upstream 
temperature sensor and the second tempera- 
ture detected signal supplied from the down- 
stream temperature sensor, thereby acquiring 
a signal having the value corresponding to the 
computed flow rate; and 
deciding step for deciding whether the flow rate 
of the fluid acquired in the flow rate measuring 
step is in a high flow rate state or a low flow 
rate; 

flow rate outputting step for outputting an out- 
put signal acquired in the flow rate computing 
step as a flow rate detected signal as it is if the 
flow rate is decided to be in the low flow rate 
state, and another output signal when the out- 
put signal acquired in the flow rate computing 
step is divided by the third temperature 
detected signal from the side temperature sen- 
sor If the flow rate is decided to be In the high 
flow rate state. 

A flow rate measuring method for measuring the 
flow rate of the object fluid flowing through the flow 
path using the flow sensor set forth in claim 24, 

flow rate computing step of computing a flow 
rate of the object fluid on the basis of a differ- 
ence signal between the first temperature 
detected signal supplied from the upstream 
temperature sensor and the second tempera- 
ture detected signal supplied from the down- 
stream temperature sensor and producing an 
output signal having a value con-esponding to 
the flow rate thus computed; 
fluid property computing step of computing the 
property of the object fluid on the basis of the 
third temperature detected signal supplied from 
the side temperature sensor in the flow sensor; 
parameter storage step of storing a plurality of 
kinds of parameters each for converting the 
output signal acquired In the flow rate comput- 
ing step into a flow rate; and 
selecting step of selecting a single parameter 
of the plurality of kinds of parameters on the 
basis of the property of the object fluid com- 
puted in the fluid property computing step, 
wherein 

the flow rate converted from the output 
signal from the flow rate computing step using 
the single parameter selected in the selecting 
step is taken as the measured value of the flow 
rate of the object fluid flowing through the flow 
path. 
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